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CXMPWER SIMULATION OF 911 EMERGENCY 
TEXEI?HUME SYSTEM FOR OIUWGE C m ,  FLORIW 
ABSTRACT 
The State of Florida has mandated that a statewide 911 system be 
impl-ted, and the Depamat of General Services, Division of 
Cammicatians, has p e r f o d  a study of possible 911 system config- 
urations for Orange Ccmty based on the findings of a study performed 
by the Stanford Research Institute for the whole of the State of 
Florida. 
The Orange County study determined operator manning levels o f  the 
primary law enforcement agencies involved in the system and response 
times t o  citizen calls for each of the configurations proposed. This 
research generated computer simulation modelsjof the two most likely 
to be implemented configurations for handling citizen calls. 
The models were nm using the input parameters defined in the Orange County 
study, and the results compared favorably. Additional tuns were made 
with mqring resource a s s i m t s  to evaluate call service with respect 
to the le%l of perfo-e and response time. 
The models were designed in modular form, such that they can easily 
be strucmd to conform to other operational cmfig~rations~ This will 
allow evaluation of prqmsed systems prior to actual start up and 
analysis of resource . requir-nts based on population predictions. 
I .  
Director of Thesis Report U 
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I NTRODUCTI ON 
The Flor ida Emergency Telephone Act o f  1974 (F lor ida Statutes, 
Chapter 74-357) was passed i n  May, 1974, by the F lor ida Legislature. 
This b i l l  mandated the implementation o f  a statewide 911 plan. The 
State D iv is ion  o f  Comnunications , Department o f  General Services , was 
charged ~ 4 t h  the responsibi li t y  o f  coorindating and implement1 ng the 
plan i n  cooperatfon w i th  other s ta te  and loca l  agencies. A system 
concept study f o r  imp1 m e n t i  ng the Universal Telephone Number, 91 1 , 
throughout the S ta te  o f  F lor ida was performed by the  Stanford 
Research I n s t i t u t e  (SRI) (Felperin e t  a1 1974). The object ive o f  the 
SRI study was t o  provide the operational background 
data from which the could formulate a 
-' 
f i na l  plan. 
The recomnendatSons put f o r t h  by the SRI study provided a con- 
ceptual design o f  a statewide 911 system w i t h  a1 ternatives. It was 
intended t o  be used as a planning guide f o r  the s ta te  and loca l  decision 
makers t o  use i n  se lect ing feas ib le  a l ternat ives f o r  a 911 system i n  
t h e i r  j u r i sd i c t i on .  Using t h i s  study as a guidel ine and aid, a more 
deta i led study was performed for  Orange County by the F lor ida Depart- 
ment o f  General ServS ces , .-Division o f  Communi cat1 ons (DOC) ( F l o r i  da 
Department o f  General Servi ces 1975) . The study , e n t i  tl ed "Sys tern 
Confl guration Study f o r  Orange County 91 1 ," was i ntended t o  be used 
by the Orange County 911 Advisory Comnittee to  help them obtain the 
optimum system conf igurat ion w i  t h  respect t o  t he i  r boundary/telephone 
centra l  off ice constraints.  The Sta te  DOC study presents f i v e  d i f -  
ferent configurations f o r  Orange County based on the fo l lowing:  
(1) Number o f  911 centers, (2) Location o f  911. centers, (3) D i v i s i on  
of r espons ib i l i t i es  w i t h i n  each center. It does a s t a t i c  analysis o f  
the sys tern parameters t o  a r r i v e  a t  an optimum conf igurat ion. 
The purpose o f  t h i s  repo r t  i s  t o  expand on the analysis o f  the 
two configurations determined t o  be most optimum o f  the f i v e  possible 
confi gurations presented i n  the  "Sys tem Confi gu ra t i  on Study f o r  Orange 
County 911 System." This expansion i s  accomplished by u t i l i z i n g  a 
computer model designed speci f i c a l  l y  around the publ i c safety e n t i  t i e s  
i n  Orange County, Flor ida.  The computer language u t i l i z e d  i s  IBM1s 
General Purpose Simulat ion System (GPSS) which lends i t s e l f  i dea l l y  t o  
development o f  such a model. It i s  no t  the i n t e n t  o f  t h i s  repor t  t o  
do a cost  analys is o f  the two a l t e rna te  911 systems but ra ther  an 
i nput-output engi nee~i .ng analys i  s . * It - ---- quanti zes _ ...-. -;he. resour.c.es needed 
i n  terms of peopl empower, telephone 1 i neslequi pmen t and f a c i  1 i t i e s  i n  _ - - - - - - I . - _ -  - - -  - -  --.. --.- _ _ "  ___- 
- .- - - 
orcJer3-0, achieve spec i f ied outputs i n  terms o f  emergency publ i c  serv ice 
.-- . &. , - . -- --.. -- 
--A _ __.-^ -- - - 
agency response times. ---- - - - --._ --- 
SECTION I 
BACKGROUND AND SUMMARY 
Background 
 he purpose o f  the 911 telephone system i s  t o  speed up the access 
time for the pub l i c  i n  ava i l i ng  themselves o f  the emergency services 
in t h e i r  c o m n i t i e s .  Pre-911 system conception response time studies 
t r a d i t i o n a l l y  concerned themselves from the time o f  rece ip t  o f  no t i  f i- 
cat ion of an mergency a t  a pub1 i c  safety agency t o  the time o f  a r r i v a l  
a t  the scene of the incident. However, more recent ly reports and 
studies have shown that  the response time t h a t  should be considered 
i s  the total f r o m  the time o f  an inc ident 's  occurrence t o  the time o f  
a r r i v a l  a t  the scene by a pub l i c  safety  agency. Figure 1 i l l u s t r a t e s  
an emergency event sequence s t a r t i n g  from i t s  i n i t i a l  development 
through t o  i t s  resolution. These events are i d e n t i f i a b l e  i n  tha t  
response times can be observed and measured between them. Y i n c e  i t  
has been shown ( I n s t i t u t e  fdr Defense Analysis, 1967) t h a t  reduction 
i n  t o t a l  response t ime can r e s u l t  i n  more arrests w i th  respect t o  the 
number o f  cr imi  nal incidences , 1 ower accident f a t a l  i ty rates, or 
lower f ire losses average per f i r e  occurrence, attempts t o  minimize 
t h i s  t o t a l  response time can be j u s t i f i e d  as cost  e f fect ive.  
Given tha t  the total response t i m e  i s  defined as being measured 
between the t i m e  of inc ident  detect ion t o  the t ime of publ ic  safety 
response a r r i v a l  a t  the inc iden t  s i t e  (to--t15 Figure I ) ,  we can then 
d iv ide  t h i s  t i m e  period i n t o  two major segments as follows: 
(1) Time between detect ion and n o t i f i c a t i o n  
(2) Time between n o t i f i c a t i o n  and a r r i v a l  a t  the scene o f  
the inc iden t  
These two parts can be re fe r red  t o  as ind iv idua l  and agency response * time respectively. A 91 1 sys tern w i  11 not  necessari l y  reduce agency 
response time. I n  fact ,  i t  may even increase i t  due t o  the cent ra l iz -  
a t i o n  which resu l ts  i n  the need t o  t rans fe r  and re lay  ca l l s .  I$ can 
however, reduce ind iv idua l  response times more than enough (U. S. 
OffSce o f  Teleco-muncatlons Pol icy ,  p. 12-1 3, 15) t o  compensate f o r  
any c a l l  t ransfer  o r  re lay  type time delays added t o  the agency 
response time. Survey data taken by the SRI (Dayharsh, T. I. e t  a1 
1974a, Vol. 1, p. 54) i n  Santa Clara County, Ca l i fo rn ia  showed t h a t  
only about 55 percent o f  those surveyed had no t rouble contacting the 
, 
correct  agency, i .e., e i t h e r  the phone number was posted near the 
phone or mernori zed. Th-e-rm-ai n i  ng 45 percent had some d i  ff i cul t y  
accessing the correct  number, thus they e i ther :  
* ca l l ed  he operator 
* Call ed d i rec to ry  assistance 
* Referred t o  the phone book 
* Called one agency only t o  be re fer red t o  another agency 
From t h i s  survey, i t  can be seen t h a t  nearly one-half _ _.- of t h q  





number w i l l  e l iminate the four mentioned agency accessing d i  f f i  cul  ti es 
due t o  its ease o f  remembering. The only exception being i f  there i s  
no phone read i l y  available and t h i s  s i t ua t i on  and resu l t i ng  delay 
would apply t o  any telephone accessing system. Data was taken i n  order 
t o  ascertain the time per iod between inc ident  occurrence and n o t i f i -  
cat ion (~ayharsh, 1. I. e t  a l ,  1974a, Vol. 1, p. 50). Although the 
data was probably not conclusive due t o  the small sample s ize and 
because i t  was gathered a f t e r  the fact ,  a general trend was seen tha t  
showed room f o r  improvement existed. The average time i n  minutes 
ranged from 1 t o  2.7 minutes from best t o  worst c i  t y  respect ively . It 
i s  a p r e t t y  good assumption t h a t  most o f  the  10s t time i s  i n  contacting 
the agency ra ther  than i n  agency information co l l ec t i ng  t i m e  since 
t h i s  time average would tend t o  be constant f o r  a1 1 c i t i e s  due t o  
presumed s i m i  1 a r i  t y  o f  the process and o f  personnel . 
In any case, present nat ional  experience has shown the f e a s i b i l i t y  
of the 911 system i n  most si tuat ions.  The "System Configuration Study 
f o r  Orange County 91 1 I' ( F lor ida Department o f  General Servi ces , 1975) 
analyzes f i v e  a 1 ternate 91 1 system conf i  gurations f o r  Orange County. 
Since agency response t ime studies ( t 6  - t15, Figure 1) would have t o  
be t reated on an agency by agency basis, they are no t  considered i n  
t h i  s report .  
&  he f i v e  Orange County conf i  gurations t h a t  were considered are: 
Configurat ion A 
Configuration A consists of a s ing le  county wide center 
not  co l  located w i  t h  any pub1 i c safety agency dispatching 
7 
faci 1 i ty and there fore  requi  ri ng 100 percent t r ans fe r  
of a l l  emergency ca l l s .  
Conf igurat ion 0 
Configuration B consists of a s i ng le  county wide system 
w i  t h  the 91 1 operators co l located w i t h  the s h e r i f f ' s  
department dispatchers and serv i  ng as compl a i n t  operators 
f o r  sher i  ff 's  department ca l l s .  
Conf igurat ion C 
Configuration C consists o f  a s i n g l e  county wide system 
w i t h  the  911 operators located on the same f l o o r  o f  the 
courthouse w i t h  the  sher i  f f ' s  department, bu t  t r ans fe r r i ng  
a1 1 unincorporated law enforcement emergency c a l l s  t o  
separate s h e r i f f ' s  department complaint operators. 
Configuration D 
Configuration D consists o f  two 911 answering centers: 
a county center and a c i t y  o f  Orlando center. The county 
center i s  s i m i l a r  t o  Conf igurat ion B, except t h a t  the 
two l a rges t  cent ra l  o f f i c e s  i n  the c i t y  o f  Orlando, 
Main and Colonial ,  are no t  included. These are trunked 
t o  the Orlando center. 
Conf igurat ion E 
Conf igurat ion E i s  s i m i l a r  t o  Conf igurat ion D, except 
t h a t  the s h e r i f f  ' s department has separate complaint 
opera tors.  
The measure o f  performance t h a t  i s  analyzed i n  these f i v e  con- 
f i gura t ions  i s  the response time t o  the c i t i zens  emergency c a l l .  
The c i t i z e n ' s  response time as employed i n  the State DOC study i s  
defined as the time per iod between t3 and t8 i n  f igure  1. Essential l y  
i t  i s  the t i m e  from s t a r t  o f  r i n g  t o  the completion o f  informat ion 
ca l l ec t i on  by the c a l l  handler f o r  any c i t i z e n  of Orange County 
regardless o f  operational method u t i l i z e d .  The parameters i n  
add i t ion  t o  911 center l oca t ion  t h a t  cont r ibute t o  the c i  t izen 's  
response time i n  t h i s  study are as fol lows: 
(1) Ring down t ime  (t3--tq): 
Time from s t a r t  o f  r i n g  t o  t ime answered 
(2) Cal l  t rans fe r  time: 
Time from c a l l  answering t o  completion o f  t rans fe r  t o  
another agency 
(3) Referred c a l l  time: 
Time from non-emergency (admi n i  s t r a t i  ve) c a l l  answeri ng 
t o  completion o f  r e f e r r a l  t o  another number 
(4) Complaint hand1 ing t ime (t4-- t8)  : 
Time f r o m  c a l l  amwering t o  complete o f  information 
gathering necessary dispatching 
(5) Incoming c a l l  density: 
This i s  a funct ion o f  populat ion and w i  11 a f f e c t  
operator s t a f f i n g  and thus response time. 
Sumnary o f  Report 
In developing an approach t o  t h i s  project ,  the f i r s t  step was 
t o  analyze the resu l ts  o f  the F lor ida Department o f  General Services 
Orange County Study s ince i t  was t o  be the basis of the  computer 
simulation. The study analyzed the f i v e  possib le system conf igurat ions 
as i d e n t i f i e d  e a r l i e r .  Since the measure o f  performance i s  the response 
time t o  a c i t i z e n ' s  c a l l ,  the study computed average response times 
f o r  each conf igurat ion.  The resu l t s  are shown i n  Table 1. I n  planning 
the pro ject ,  i t  was decided the two most l i k e l y  t o  be implemented 
conf igurat ions were - B and D. Not only  do these two configknftions 
-.-, .-.--*---.a_-. -,-..-_. .-_- _ _-.- --.---- 
y i e l d  the lower of the f i v e  computed _A_r ,  ____F__I response -- -- times but  .the$. a lso  
_,--.-" '+- - - - 
ogt imize -#-----.z-,e- the .- . . . usage -, of resources by having the 91 1 center(s) co l located 
w i t h  e x i s t i n g  dispatching centers. For these reasons i t  was decided 
t o  design computer s imulat ions o f  these two conf igurat ions i n  order t o  
analyze them under a simulated r e a l  t ime environment. For the purpose 
o f  c l a r i t y ,  conf igurat ions 6 and D are re fe r red  t o  as conf igurat ion I 
and I1  respect ive ly  throughout t h i s  repor t .  
The Flor ida Department o f  General Services repor t  had twofold 
resu l ts .  Not on ly  does i t  ca lcu la te  response times, i t  extrapolates 
operator s t a f f i n g  requirements t o  meet spec i f i ed  grades o f  serv ice 
w i t h  respect t o  busy telephone l i nes  o r  c a l l s  being put  on hold. The 
analyst  performing t h i s  study f i r s t  had t o  determine c a l l  volumes t h a t  
would be inpu t  f o r  the system design. I t  was shown t ha t  911 c a l l  ', 
- .  . . -  -... , 
volumes were- a. function. .of  popu1ati.a.n and regional charac ter is t i cs  . _ ,.. - . >. - - -  
A re la t i onsh ip  between population, reg iona l  charac ter js t i cs  . and 
- - .- 
dpi  ly t o t a l  ca l l  volume was dweTbped--(-Van1.2Md-iingh* -1975). I n  t h i  s 
pro jec t ' s  computer s imulat ion, the same re la t i onsh ip  was bu i  1 t i n t o  
h 
the  model t o  generate : ca l l s  based on time o f  day. The F lo r ida  study 
TABLE 1 
RESPONSE TIME SUMMARY FROM ME SYSTEM 
CONFIGURATION STUDY FOR ORANGE COMTY 91 1 
SOURCE : F lo r ida  Department o f  General Servi  ces , Di v i s i  on o f  Comuni cat ions . Sys tem Con- 
f i g u r a t i o n  Study f o r  Orange County 911 (1975), p. 24. Tallahassee, F lor ida:  Sta te  o f  F l o r i da  
C i  ti zen Response 
Time (seconds) 
Conf l g u r a t i  on 
A 
One Center 
100% Transfer  
1 20 
Conf igurat ion 
0 
One Center 
S h e r i f f ' s  Dept. 
102 





Confi gu ra t ion  
. D  
Two Centers 











calculated a total daily call volume and then used 15 percent of the 
total volume as a worst case busy hour volume. The study then cal- 
culated loading on each configuration based on cal l juridictional 
and type distributions as they spread ou t  through the model. Time 
del ay were then assigned to the flow of each call through the model . 
Their values were assigned as a function of the operational methods 
specified for the configurations. Basically there were two types of 
calls dealt w i t h .  They were the transfer call and the completed call 
which was also referred to as direct dispatch. Figure 2 illustrates 
a time line for each of these methods. Once a total busy hour call  
vol urn was determined for each method of a particular configuration, 
a total time expended could be calculated using the mean delay times. 
An average response time was then calculated by dividing by the total 
busy hour operator handled call time by the number of completed and 
transferred calls (Florida Department of General Services, p.22).  
In this project's computer simulation model, s tat ic  response time 
entities were not used. Distributions of times about the means were 
developed and built into the models to achieve a dynamic effect. 
Further analysis of the busy hour yielded estimates of 
required resources. A total operator handling time for al l  calls 
(including referrals and out of county transfers) was calculated. 
From this information operator staffing calculations were made to 
determine levels o f  manning per shift  to meet performance requirements. 
These calculations are shown i n  appendix 1. These calculations were 












for  a1 1 three po-sib le s h i f t s  of the day were then extropolated based 
on s h i f t  loading factors.  (Appendix 2 d e t a i l s  the method.) The on ly  
dev ia t ion from the Orange ~ o u r i t y  study was the determi nat ion o f  the 3 
s h i  f t manni ng 1 evels . Whereas the Orange County study used 1 oadi ng 
factors based on inputs on c a l l  volume from the Broward County S h e r i f f ' s  
o f f i ce ,  t h i s  report calculates the t o t a l  s h i f t  f o r  one 24 hour per iod 
using data taken during an Orange County 911 c a l l  survey from 5-11 
January 1975 (see appendix 3). Table 2 l i s t s  the loading factors  f o r  
each county. The Orange County study s t a f f i n g  requirements f o r  each 
corifi gurat ion are summarized i n  tab le  3 and are de ta i led  i n  appendix 1. 
I n  designing the s imulat ion models of the two configurat ions, a 
systems analysis was performed. An operational f low diagram was con- 
s t ructed t o  describe the informat ion f low and l og i c  o f  the 911 system. 
Since the basis f o r  the models was the Orange County busy hour study, 
the operational modes were already defined and as such were d i r e c t l y  
designed f n t o  the model. The next  step was t o  develop functions f o r  the 
two major flan modifiers i n  the model. These are d i r e c t i o n  and delay. 
The d i r e c t i o n  of the  informat ion f low o r  d i s t r i b u t i o n  o f  the o r i g i n  o f  
c a l l s  i s  a func t ion  o f  j u r i s d i c t i o n a l  a t t r i bu tes  which are a funct ion 
o f  the physical environment. Quan t i t a t i ve  assignments had t o  be made 
t o  the d i r e c t i o n  f low modif iers i n  the  form o f  functions. The second 
f low mod i f ie r  i s  delay time. Delay time functions were developed f o r  
the model based on means spec i f ied  by the State DOC Orange County busy 
hour study and the Stanford Research I n s t i t u t e  study on 911 systems f o r  
both F lo r ida  and Santa Clara County, Cal i forn ia .  Neither one o f  these 
TABLE 2 
SHIFT LOADING FACTORS FOR ORANGE 





















ORANGE COUNTY 91 1 CENTER STAFFING REQUIREMENTS 
BASED ON FLORIDA DEPARTMENT OF GENERAL SERVICES STUDY 
Orange County Loading Factors 
S h i f t  
Broward County Loading Factors 
SOURCE: Appendix 1 
Hours 
Confl gurat i  on 1 
County Or1 ando 
911 Center Pol iceDept .  
Configuration 11 
County Or1 ando 
911 Center 911 Center 
studies provided descriptions of the types o f  d is t r ibu t ions  tha t  were 
associated w i th  the mean delay times i den t i f i ed  i n  t h e i r  reports. This 
I 
turned out t o  be a source o f  ,trouble i n  completing the project.  It 
f i n a l l y  turned out tha t  mathematical d is t r ibu t ions  had t o  be derived 
based on examination of s im i la r  type data taken f o r  other studies. 
Once the models were operational , sample resource a1 locations 
were submitted f o r  evaluation. These are the numbers o f  operators a t  
each 911 center, numbers o f  trunk l ines,  and numbers o f  p r iva te  l ines.  
A t  the completion o f  the simulation, the system loading factors were 
examined along with the t o t a l  average response time i n  order t o  deter- 
mine how the resource al locat ions might be varied t o  fu r ther  optimize 
the model. The system loading factors used as evaluation c r i t e r i a  were: 
(1) Operator loading o r  u t i  li zation 
(2) Telephone l i n e  queues 
(3) Operator queues 
Optimi zation was achieved by varyi  ng the i nputted resource a1 locations 
t o  maximize u t i l i z a t i o n s  w i t h i n  reason and minimize queue sizes and 
del ays . , 
The models developed in .  t h i s  pro ject  were designed t o  be general 
purpose. They were designed such tha t  the input  parameters such as 
population, agency/equi pment response t ime d is t r ibu t ions  , number o f  
telephone I i nes , and operator s t a f f i n g  could be varied easi ly .  i n  order 
t h a t  a1 ternate operational methods may be analyzed o r  future needs 
determined. For instance an estimated adjusted total county population 
i n  1985 may be one m i l l i o n  people. What would be the telephone l i n e  
17 
and operator sta f f ing  requi rements t o  handle t h i s  population w h i l e  
maintaining the 1977 level  o f  "cit izen response @me". This could 
I 
I 
easi ly and quickly be determined using a computer model. 
* SYSTEM OPERATIONAL SCENARIO 
A t yp i ca l  911 system conf igurat ion consists o f  the fo l low ing  
modules : 
(1) Telephone system 
( 2) Tel ephone answeri ng center 
(3) Publ i c serv i  ce agency complaint opera tors  
(4) Publ i c serv i  ce agency d i  spatchers 
InfomatSon f l a w  through these modules i s  the primary concern 
of the design. Figure 3 depicts the f low through these modules f o r  a 
s i m p l i f i e d  system. The design o f  the system must a lso be based on 
what information i s  required a t  each stage o r  module t o  make decisions. 
Considering each module separately, the types of decisions t h a t  need 
to be made are l i s t e d  i n  Table 4. These decisions were designed i n t o  
funct ional  re la t ionships between the i d e n t i f i e d  system inputs  and 
required outputs. 
& I n  formulat ing a 911 systems design, a l l  the inputs and outputs 
must be defined. Figure 4 depicts the four  major inputs tha t  determine 
the outputs o f  the  system design model. The four  categories t h a t  com- 
p r i se  the  inputs t o  the design model are both f i x e d  and design spec i f ied 
parameters. The f i xed  parameters are the t r a f f i c  estimates which are 
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Fig. 4. Inputs and Outputs f o r  911 System Design 
sys tern desi gner are : 
(1) Performance requirements such as l i m i t s  on numbers o f  
busy l ines  o r  c a l l s  put on hold 
! I 
(2) Comnunications network such as center location, 
telephone centra l  o f f i  ce lopat ion and kelephone 
equipments 
(3) Operational methods such as, d i r ec t  dispatch, c a l l  
transfer, o r  c a l l  relay. 
#Since 911 center design i s  dependent on these four inputs, the 
I 
model was developed as a se t  of relat ionships between these input  
I 
design c r i t e r i a  and the resu l t ing  s i z ing  requirements 1 i s ted  as outputs 
o f  the model. 
The t r a f f i c  estimates are the only paraw.&rs-uvplc,.whi ch there 
. -- I _ - .  /-- 1 . , ,,.-A 
i s  no control since they are a funct ion of lthe envirorhent; i n  essence 
.- -- - -  . - -  - - ----- --..__ - --- -\ 
the system must beildesigned around t h i s  parameter. Cal l  volume and 
-*-- - ..-, _.- - - -- 
average c a l l  ---..-- length - ,are-k-turn the primary c o m p o p ~ ~ - ~ ~ - ~ a f f f ~ ~ ~  
--- 
I I 
estimates. - _ Accuraqy --ir++#Amf:ing these cTponents and def in ing t h e i r  
-- - - - -. . 
I 
functional re lat ionship w i th  the other enti i t ies o f  $hernodel i s  very 
importixnt since they have the nost s igni f idant  impact bn the nodel 
output. -
The f i r s t  designer speci f fed parameter i s  c lass i f i ed  as Performance 
Requirements. These include grades o f  service f o r  both operators and 
telephones. Speci f ica l ly ,  these models are d e s i ~ e d  t o  provide a P.01 
-.- _ _  -_-- -- - - . *-...- . ---------- -- .--- _ _.-.__ _ - --. ..--- -. _ I __.^,. 
grade ..of teIeph'om+ service. w.hi ch means 4hdt .enough te.kl?l?one 1 i ~es  -are 
to be made available t o  guarantee t h a t  99 out o f  100 ca l l s  w i l l  no t  
--."""""""""""""""""" rrr-.*2---..c+----- . C -. ' . .F -.,.* .?" .. , , C-'"CI-nrYY.-. --:--.. . 
.----.--.- ----'47--"--. ---, *)_ 
r' 
~ - ~ ~ , s u r h . ~ ~ P O . p e r ~ - . . a l l .  .calls dur i  - -- -,- ng _-_ -. the ." .---- -.-_. busy .-- -.------- hour - w i  ---- 11- be 
answered ---.--- f l ~ , ~  s e m s .  
The w n d  s p e d  f i  ed parameter i s  desi gnated as the Comuni cat ions 
Network. Thi s encompasses such features as- 91 1 Center location, 
dispatch center locat ion,  telephone company cent ra l  of f ice locat ion,  
and telephone equipments u t i  1 ized. For instance, i f  the 91 1 system 
area i s  served by more than one telephone company o r  cent ra l  o f f i c e ,  
decisions w i l l  have t o  be made as t o  which company o r  cent ra l  o f f i c e  
I s  trunked t o  the 911 center. Another considerat ion i s  the l oca t i on  
of the center i t s e l f .  Typical l y  areas t h a t  are considering 91 1 systems 
already have dispatch centers f o r  e x i s t i n g  publ i c service agencies. - - -  \ - - _  
It may be diisf andsystem - - e f f e c t i v e  t o  co l locate the 911 center 
operators w i t h i n  the same fa&ity-as ._ an ex is t i ng  dispatch center. The 
two configurations f o r  Orange County t h a t  are modeled i n  t h i s  p ro jec t  
do i n  f a c t  have the 911 center(s) co-located w i th  the Orlando Pol i c e  
Department and/or the S h e r i f f  Is Department dispatchers. 
3 k ~ h e  f i n a l  designer spec i f ied  parameter and probably ._ *&ne t h a t  
af fects the design o f  the system the most i s  Operational Methods. The 
primary func t ion  o f  a 911 system i s  t o  f a c i l i t a t e  the f low o f  informat ion 
between the ~i tizen- and the publ i c  service agency. The method which 
_ _ 
the center u t i l i z e s  t o  rou te  the c a l l s  t o  the proper agencies. i s  termed 
Operati onal Methods. Fi  gure 5 depi c t s  the four  basic operat i  onal 
methods. They are d i r e c t  dispatch, c a l l  transfer, c a l l  re1 ay and c a l l  
re fer ra l .  Determination o f  which method i s  used f o r  a p a r t i c u l a r  
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agency i s  dependent upon the j u r i s d i c t i o n a l  , operational and organ- 
i z a t i o n a l  requirements o f  the  area f o r  which the system i s  being 
designed. There nay be boundary mismatch problems t h a t  d i c t a t e  t h a t  
a c a l l  would have t o  be t ransfer red t o  the proper 911 center v ice being 
dispatched from the center where the cal  l was trunked. P o l i t i c a l  
cooperation among p a r t i c i p a t i n g  pub1 i c  service agencies and governing 
bodies would also have t o  be considered i n  determining the operational 
method t o  be u t i  1 ized. 
I n  the  d i r e c t  dispatch method the emergency answering service 
would be col located w i t h  the dispatch centers f o r  the pub l i c  service 
agencies involved. I n  most j u r i s d i c t i o n s  co l loca t ing  the answering 
center w i t h  the law enforcement agency's dispatchers i s  most cost  
e f f e c t i v e  since a higher percentage (85%) o f  incoming emergency cat 1 s 
are law enforcement. Being col located w i th  the dispatcher would s imp l i f y  
o r  minimize the in te r face  between the complaint operator and dispatcher 
both i n  equipment and personal comrmnication. 
& If the pub l i c  service agency dispatcher i s  no t  located w i t h i n  
the answering center f o r  some operational o r  p o l i t i c a l  reason and t h i s  
i s  the t yp i ca l  case, transmission o f  the informat ion t o  the dispatcher 
may be accomplished v i a  two d i f f e r e n t  methods. The f i r s t  i s  the c a l l  
t rans fe r  method. I n  t h i  s s i  t u a t i  on the answeri ng center determi nes 
which pub l i c  service agency should respond t o  the c i  ti Zen's problem. 
The operator obtains as r a p i d l y  as possible the loca t ion  and the nature 
of the problem. The appropriate agency i s  then selected and by d i r e c t  
l i n e  qu i ck l y  connects the c i t i z e n  w i t h  t h a t  agency. The c i  ti Zen then 
gives the complete explanation of h i  s problem t o  the proper agency. 
26 
The S R I  repor t  (Felperin e t  a1 , p. 68) states the appl icat ions,  advan- 
tages and disadvantages o f  t h i s  method. "The major advantage o f  c a l l  
t rans fe r  i s  the lack  of coordinat ion required t o  implement i t  
operational ly. I t s  greatest appl i c a t i o n  i s  i n  s i tua t ions  i nvol-vi ng 
core c i  ty f i r e  agencies and pub1 i c safety f o r  ou t l y ing  c i  ti es--si tuat-  
ions where the p a r t i c u l a r  emergency service agencies want t o  perform 
t h e i r  own screening o f  c a l l s  and preserve t h e i r  i d e n t i  ty, organization- 
a l l y ,  i n  the eyes of the publ ic .  I t s  major disadvantages are, f i r s t ,  
the response tlm i s  lengthened compared with d i r e c t  dispatch and, 
second, t h a t  the need f o r  repeating par ts  o f  the problem i s  often 
f rus t ra t i ng  to a c i t f  zen under stress. " 
The second method fo r  informat ion t rans fe r  i n  a non d i r e c t  
dispatch s i t u a t i o n  i s  c a l l  t ransfer .  I n  t h i s  method the informat ion 
n o t  the c a l l e r  i s  transferred t o  the proper agency. The necessary 
information i s  relayed e i t h e r  by voice o r  by means o f  d i  g i  t a l  data 
transmission techniques. There i s  no repeating of the informat ion by 
the c i t i zen .  Again the SRI repor t  (Felper in e t  a1 , p. 69) i d e n t i f i e s  
the advantages. "The major advantage o f  c a l l  re1 ay , then, i s  that, 
since the response time i s  essent ia l l y  the same as t h a t  o f  d i r e c t  
dispatch, c i t i z e n  f r u s t r a t i o n  under stress i s  e l iminated .... Cal l  re lay  
does have the advantage o f  leaving ind iv idua l  agencies, which view the 
dispatch funct ion as a management and cont ro l  funct ion ra ther  than as 
a more neut ra l  'resource a l l oca t i on '  function." 
The f ou r th  operational method i s  c a l l  re fe r ra l .  This method i s  
appl icab le i n  handl ing c a l l s  o f  a non-emergency nature o r  c a l l s  t o  
27 
agencies that do not have the volume of calls to justify call transfer 
or relay mixups. In this situation the 911 center operator provides 
the citizen a seven d i g i t  number to dial himself. This discourages 
use of 911 1 ines for non-emergency use ul timately keeping the 1 ines 
free for emergency calls. 
1 e 5 ou tJ i nes -1 .I-1cI1 i cab=, adva-adAadvantages 
--~mra^.".."~- 
of-*-the four method;;. 
As discussed earl ier ,  functional relationships between the i n p u t  
and output elements of the model must be established. I t  can be seen 
that the si zing requi rements speci f 1 cal ly personnel , tel  ephone 1 i ne/ 
equipment and space requirements are a function of call volume _c.----- and -.--- 
leneh. -- Operator personnel requi rernents are a function of operator 
grade of service, call volume and average call length. The number of 
incoming t r u n k  lines required i s  also a function of grade of service 
and 911 call volume taken on a worst case o r  busy hour measured or 
predi cted load. Output private 1 ine requirements (transfer or relay 
calls) are a function o f  call volumes a t  dispatch centers. Telephone 
equipment requirements are determined as function of the number of 
operator posi tions, incomi ng trunks and outgoing private 1 i nes . 
Additionally, i n  the case of more than one telephone company or central 
office serving a 911 area, the number of trunk lines required to  
interconnect them i s  also a function of the expected call volume, 
average call length, and grade of service from the other telephone 
company or central 'i office. 
TABLE 5 
COWARISONS OF 91 1 OPERATIONAL METHODS 
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D i  sadvantages 
Requi res cl oses t 
i nteragency 
cooperation t o  
implement 
Increases . . 
response t ime 
t o  s one agenci es ; 
more f rus era ti ng 
t o  ci t i  zen 
Requi res expl i c i  t 
- call-answering 
policies to be 
established 
Requi res c i  ti zen 




t i  me 










o f  911 over- 









Appl icabili ty  
Core-ci ty law 
enforcement 




and f i re  
Cooperati ve 
public safety 
comnuni cati ons 
system 
Df scouragemen t 
o f  nonemrgency 
calls t o  911 
Boundary smatch C0ns.i derati ons 
In determining call volume and location for the 911 system design, 
the m i  smatch between juri s i  dcti onal and te l  ephone central off i ce 
boundaries has to be addressed. In the case of Orange County, there 
are basi cal ly only two tel  ephone central offi c%s% - 
m d * & . i - - i s - m S y n d .  
-cenftSuram, %e telephone central offices located w i t h i n  the 
jurisdiction of Orange County w i l l  a1 1 be trunked t o  the single 911 
center. Due to  the overlap o f  several telephone central offices into 
adjacent counties, the Orange County 911 center will receive calls  
f rom citizens that w i  11 have to be transferred out of the county to 
the appropriate 911 center. In addition t o  this there are several 
telephone central offices located i n  adjacent counti es that overlap 
. into Orange County. C ' " " Z " m - n f ? T 7 b e  
Figure 6 i 1 lustrates the telephone central office boundary m i  s- 
mtch for configuration I .  -In the second configuration, a l l  - thp .-- 
central offices located w i t h i n  the jurisdiction of Orange County w i  t h  
- _.-- -. _ 
the exception of the Main and Colonial office w i l l  be t r u n k e d .  tg- the 
county __._..-_ 911 _. . centers, The Main and Colonial central o f f i c e w 4 4 s 4 1  --.-..--- - 
1 
r ~ t r r a - s m ~ - 9 V - 1 . . -  crentek': located i n  the Orlando Pol i ce Depart- 
- 
men t . Ute-wte-.-~~-mi sma-tch con94-deratim - made-.i n... conf igucaki on I 
a 

w i l l  have t o  be made f o r  the county 911 center o f  conf igurat ion 11. 
addition, &boundary mismatch ex i s t s  w i t h  the Main and Colonial 
central  o f f i c e  i n  t h a t  i t  overlaps i n t o  the county j u r s i d i c t i o n a l  and 
also the county cent ra l  o f f i c e s  overlap i n t o  the City o f  Orlando. 
There w i l l  be a t rans fe r r i ng  o f  c a l l s  between the two Orange County 
911 centers due t o  t h i s  overalp. Figure 7 i l l u s t r a t e s  the Main and 
Colonial central o f f i c e  overlap. 
Operational Scenario For Orange County Confi gurations 
The two configurations t h a t  are modeled i n  t h i s  p ro jec t  were 
picked because they y ie lded  the lower o f  the f i v e  c i t i z e n  response 
times ca lcu la ted i n  the Orange County Study by the F lor ida Department 
o f  General Services. The system design c r i t e r i a  as proposed i n  t h a t  
study were composed of quanti t a t i  ve assi gnments of the numerical 
parameters and a combination o f  the operational methods defined as the 
inputs t o  a 911 system design model. 
As has been stated the c a l l  volume i n t o  a 911 system i s  a function 
o f  population. The populat ion parameters used i n  the F lo r ida  study 
f o r  Orange County are based on a p ro jec t ion  i n t o  1978 (F lo r ida  
Department o f  General Services , Orange County study , p. 4) and are 
summarized as fo l lows: 
Orange County 507,556 
City of Or1 ando 140,922 
Other Muni c i  pal . 64,843 
(except B e l l  Isle) 
B e l l  I s l e  3,287 


































In determining call volumes trunked into the 911 center(s) and 
call volumes transferred or relayed over private lines from the center(s) 
the populatiam listed w i  11 have to be adjusted for the overlaps o f  
the telephone system central offices into and out of the Orange County 
pol i tical boundaries. The county overlaps (Florida Department of 
General Services, Orange County Study, p.6) are as follows: 
A. In Population - calls received by the Orange Caunty 911 
center(s) from citizens i n  adjacent counties due to  
central office overlap. 
From Lake County 
Winter Garden Central Office 
From Seminole County 
Pine Hills Central Office 
M i  dway Cen tra 1 Off i ce 
From Oscaola County 
Apopka Central Office 
TOTAL "IN" Population 
B.  Out Population - calls received by the 911 centers i n  
adjacent counties from cS t i  zens o f  Orange County due 
to central office overlap. 
To Seminole County 911 Center 
A1 tamnte Central Off i ce 
Go1 denrod Central Of fi ce 
To Lake County 911 Center 
M t .  Dora Central Office 
To Osceola County 911 Center 
Kissimmee Central O f f i ce  
TOTAL "OUT" Popul a t  i on 14,835 
From these projected " In" and "Out" populations, adjusted popu- 
l a t i o n  figures can be computed t o  provide a basis f o r  ca lcu la t ing  c a l l  
volumes i n t o  and o u t  o f  the Orange County 91 1 center(s) ; These 
ca lcu la t ions are explained i n  Section 111. 
Configurat ion I 
The first model, designated Configurat ion I, i s  a s ing le  county 
wide 911 center col located w i t h  the  S h e r i f f ' s  department dispatchers. 
The operational methods speci f ied by the State DOC study f o r  t h i s  
configurat ion consisted o f  a combination o f  the four  possible methoas 
iden ti f i ed previously . Tab1 e 6 1 i s  t s  the opera ti onal method employed 
i n  the system design f o r  each o f  the j u r i s d i c t i o n s  o r  type o f  c a l l s  
handled by the s ing le  county-wide 911 center. To analyze the response 
times of t h i s  configurat ion, the Orange County study cal  cu l  ated 
f rac t ions  f o r  t he  d i s t r i b u t i o n  o f  the t o t a l  c a l l  volume i n t o  the 
various j u r i s d i c t i o n a l  areas o f  the system model. Figure 8 i 11 ust ra tes 
the information f l o w  through the system design model formulated f o r  
t h i s  configuration. The ca lcu la t ion  o f  these f rac t ions  i s  described 
i n  Section V. 
The performance requi rements speci f i e d  f o r  th i  s conf igurat ion 
are also the same as those f o r  Configurat ion 11. These are speci f led 
as PO1 f o r  both the telephone l i n e s  trunked i n t o  the center and p r i va te  
JInes leav ing the center. Also the operator grade of service i s  
TABLE 6 
CONF 1 GURATION I OPERATIONAL METHODS 
..- - .- 
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specified t o  be PI. This parameter will be reflected i n  the r i n g  
down tlme function derived for the model. 
J 
Confi guration I I 
The second model (Configuration 11) consists of two 911 
answering centers. The f i r s t  is  col located with the Sheriff9 
De~artment~dispatchers and the second w i t h  the Orlando Police Depart- 
ment dispatchers. The specified operational methods for each center 
are listed i n  Table 7 .  The county 911 center will have the calls 
from at 1 the Orange County central offices (except Main and Colonial) 
routed directly. In addition this center will receive transfer calls 
from Orange County citizens located i n  areas serviced by out of county 
telephone central offices as well as transfer calls from the OPD 911 
center. This center will also transfer al l  calls received from 
c i  ti zens of other count1 es due to central off ice overl aps t o  the 
appropriate 911 centers of these counties. Figure 9 illustrates this 
information flow. The Orlando Police department 911 center will have 
all the calls from the Main and Colonial central office trunked 
directly to it. In addition i t  will receive and generate transfer 
calls to the county 911 center based on the central office overl apse 
This configuration i s  illustrated i n  figure 10. Ratios for the dis- 
tribution o f  calls through the system are formulated i n  Section 111. 
These ratios are based on popul ation. The performance requi rements 
are the same as Confi gura ti on I .  
TABLE 7 
CONFI GURATI ON I I OPERATIONAL METHODS' 
JURISDI C T ~ O N  CALL TYPE OPERATIONAL METHOD 
Sherif f 's Department Center 
County S h e r i f f  D i  r e c t  Dispatch 
County F i  r e  Re1 ay 
County EMS Re1 ay 
County C i v i l  Defense & Other Relay 
Muni c i  pa l  Pol i ce Transfer 
h n i  cipal F i  r e  Transfer 
Muni c i p a l  EMS Re1 ay 
Muni c i  pal C i v i l  Defense & Other Relay 
Or1 ando Pol ice Transfer 
Or1 ando F i  re Transfer 
Oy1 ando EMS Re1 ay 
Or1 ando C i v i  1 Defense & Other Re1 ay 
Out o f  County A 1  1 Transfer 
A1 1 Non- Emergency Referral 
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Once the physical c r i t e r i a  f o r  the 911 system design have been 
established, an analysis o f  the r e s p o n s i b i l i t i e s  o f  the complaint 
operators must be considered i n  order t h a t  t h e i r  i n te r face  w i th  the 
system might be optimized. Since an output o f  the systen design model 
i s  a quant izat ion o f  the s i z i n g  o f  the operator force, re la t jonships 
are derived for  the model t h a t  are a funct ion o f  the inpu t  parameters. 
As the information flows through the model i t  meets delays t h a t  are 
both a func t ion  o f  equipment res t r i c t i ons ,  i . e m ,  r i n g  down t ime and 
operator parameters such as s t a f f i n g  e f f i c i ency  and operator e f f i  ciency 
( informat ion c o l l e c t i o n  time, t rans fe r  time, and re lay  time). Since 
t h i s  study i s  pr imar i  l y  concerned w i t h  cornputi ng operator s i z i n g  
requirements t o  optimize the  f low o f  information through the system, 
s t a f f i n g  ef f ic iency i s  no t  considered. Let  i t  be sa id  however, t h a t  
t h i  s needs t o  be considered when determi n i  ng overa l l  manni ng o f  an 
answering center for  a 7 day, 24 hour per day s t a f f i n g  ca lcu la t ion  
t h a t  w i l l  y i e l d  a projected personnel cost  f o r  the conf igurat ion.  I n  
the case o f  the s t a t e  sponsored Orange County study, an e f f i c i ency  
factor o f  .869 was used (Houston, F.L., and VanLandinghorn). I n  the 
case o f  the operator/cal l e r  induced delays t h a t  are charac te r is t i c  o f  
the 91 1 system design, the types o f  decis ion t o  be made t h a t  create 
these delays are i d e n t i f i e d  i n  tab le  1. 
The design o f  t he  system speci f ies  t h a t  each answering center 
operator w i l l  have PBX type terminal equipment which w i l l  a l low access 
t o  a1 1 incoming trunk l i n e s  and patching t o  a l l  outgoing p r i v a t e  1 i nes. 
It i s  assumed t h a t  a1 1 operators are mutual ly supporting. That i s ,  
human nature would tend t o  equal ize the work load over a one s h i f t  
per iod r e s u l t i n g  1 n approximately equal u t i  li zat ion among operators 
o f  a s h i f t .  I n  addi t ion,  once the information i s  co l lec ted  from the 
c i t i z e n  i n  a most expeditious manner, the operator has t o  surnmari ze 
the per t inen t  fac ts  necessary f o r  re lay ing  t o  the  dispatcher. In an 
ideal  system which i s  what i s  being considered i n  the two models t h a t  
are simulated here, i t  i s  assumed t h a t  the operators w i l l  be asslsted 
by the use o f  computer assistance f o r  geo-indexi ng and c a l l  rout ing.  
Geo-indexing i s  the procedure by which the operator w i  11 query a data 
f i l e  t o  obta in  the addi t ional  informat ion required by the dispatcher, 
i .e., c a l l  source w i t h  respect t o  j u r i s d i c t i o n  i n  order t h a t  the proper 
pub l i c  serv ice agency u n i t  might be selected. Once the j u r i s d i c t i o n  
i s  determined, c a l l  r ou t i ng  would be accomplished automat ical ly  by a 
simple operator command. This i s  espec ia l ly  important i n  the Orange 
County conf igurat ions due t o  the combination o f  operational methods 
employed and the boundary mismatch problems t h a t  are ex is tant .  I n  
the cases where d i r e c t  dispatch i s  n o t  possible the operator w i l l  employ 
e i t h e r  the t rans fe r  o r  re lay  call method. They w i  11 e i t h e r  geo-index 
and route the c a l l  by patching the appropriate t rans fe r  l i n e  t o  the 
respondi ng agency and wai t i ng f o r  the responding agency t o  answer 
whereby the c i t i z e n  w i l l  then expla in  h i s  s i t u a t i o n  t o  the appropriate 
agencies awn complaint operator o r  i n  the re lay  c a l l  method the 911 
answering center operator w i  11 co l  l e c t  a1 1 required information, geo- 
index and route the c a l l  d i r e c t l y  t o  the responding agency's dispatcher 
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by d i g i t a l  relay techniques a t  which poi n t  the operator i s  a l l e v i a t e d  
o f  h i s  or her responsibi l i ty .  I n  e i t h e r  case there are delay times 




In order t o  b u i l d  a computer model o f  the emergency telephone 
system f o r  Orange County, the ind iv idua l  e n t i t i e s  o f  the s imulat ion 
have t o  be qua1 i t a t i  vely  i d e n t i f i e d  and quan t i t a t i ve l y  defined. To 
achieve a va l f  d output f r o m  the model, the inputs must cor re la te  as 
c lose ly  as possible w i t h  the r e a l  l i f e  parameters o f  the system. 
Since the ob jec t i ve  o f  the computer s imulat ion i s  t o  dynamically 
determine response times f o r  two d i f f e r e n t  911 system conf igurat ion 
designs, no t  on ly  do the physical constraints such as numbers o f  
telephone 1 ines, numbers o f  operators, etc., have t o  be b u i l t  i n t o  
the model b u t  var iables f o r  the t r a f f i c  estimates have t o  be assigned 
t o  the blocks t h a t  the in format ion f l o w  w i l l  encounter dur ing passage 
Ulrough the model. I n  t h i s  stmulat ion the t r a f f i c  estimates t h a t  
have t o  be considered are c a l l  volume and c a l l  length. 
The incoming c a l l  volume data used i n  the model has two variables: 
1) Tota l  c a l l s  per day based on populat ion and regional  
character i  s ti cs ; 
2)  D i s t r i b u t i o n  o f  the t o t a l  dai  l y  c a l l  volume over the 
24 hours o f  the day. 
The c a l l  length var iables used i n  the model are composed o f  delay times 
tha t  are a funct f  on o f  the operational meUlods which have been designed 
into each of the configurations analyzed. 
In order to design a model that encompasses all o f  the operational 
methods descri bed, the means and distributions of the foll owi ng elements 
must be defined: 
1) Ring down time 
2) Call referral time 
3) Call transfer time 
4) Information gathering time 
5) Form completion time 
6) Call relay time 
7) Dial time 
The State DOC Orange County System Confi guratlon study was based on a 
determi n i  s ti  c model usi ng mean el emen t ti mes ( Fl  ori da Department o f  
General Services Orange County Study, p. 4 ) .  Distribution about these 
means were not  considered i n the extrapolations . However, i n  order t o  
run a valid simulation of such a model, each element has t o  have a 
distribution associated with it.  Since the simulation was t o  be run 
u t i l i z i n g  the means identified i n  the Florida Orange County and SRI 
studies, and since the 0 County study used the Florida SRI study 
(Felperin et .  a1 . , 1974) as a guideline, the delay time elements used 
i n  the simulations were obtained from both  sources. Table 8 1 is ts  the 
means o f  the elements for  both sources. There was no distribution 
data available for the State o f  Florida Orange County o r  SRI study. 
Information had been collected however, on several common elements used 
in the Orlando Police Department Comand/Control Sys tem (OPD) study 
TABLE 8 
DELAY TIME ELEMENT DATA 
PARAMElER DATA SOURCE 
STATE OF FLORIDA 
 INTERVAL^ DESCRIPTION ORANGE COUNTY STUDY SRI STUDY 
Detect i  on t o  Deci s i on Not Appl i cab1 e Not Appl. 
Locate Number Not Applicable Not Appl. 
SwS tch ing Time 
Ring Down Time 90% Answered 4 0  see. Mean = 3sec. 
(10 sec. used i n  90% answer. 
model ) i n  4 0  sec. 
Transfer Ca l l  Time Mean 20 seconds 
(does no t  include 
r i n g  down time) 
Not I den t i .  
Delay TSme f o r  
D i  r e c t  D i  spatch 
Assume Zero Assume Zero 
Mean = 80 seconds Assume Zero Delay Time 
Gathering o f  
Addi t ional  I n f o  
f o r  Dispatcher 
(Also re lay  c a l l  
time) 
- -  
SOURCE: F lor Ida Department o f  General Services , D i  v i  s i  on of 
Comnuni cations, System ~ o n f i  gurat ion Study f o r  Orange County 91 1 
(1975), p.4 and Dayharsh, T.I. et.al., 1974, J o i n t  City-County 
Coori ndated Emergency Servi ces Comnuni c a t i  on Sys tem Imp1 ementation 
Study I n t e r i m  Report No. 2., Menlo Park, Ca l i fo rn ia :  Stanford 
Research I n s t i t u t e ,  p.20. 
a~aken from, F i  gure -1 . 
performed by F lor ida Technological Univers i ty  ( ~ o e r i n g ,  R.D. , 1972) . 
The OPD study exam4 ned time study in format ion on each o f  i t s  a c t i  v i  t y  
elements f o r  c e r t a i n  character is t i c s  i n  order t h a t  d i s t r i bu t i ons  might 
be developed t o  describe them. I t  was found i n  t h i s  study (Doering, 
R.D., 1972, p.65) t h a t  the  histograms f o r  each parameter inherent ly  
exh ib i ted a pos i t i ve  skewness because i t  was constrained t o  s t a r t  a t  
zero time and have no upper t ime l i m i t .  This was re f l ec ted  i n  the 
standard dev ia t ion which was r e l a t i v e l y  large and cha rac te r i s t i c  o f  a 
f l a t  d i s t r i bu t i on .  It was decided t o  run the s imulat ion using the 
means from each source, however, the functions f o r  the d i s t r i bu t i ons  
o f  the elements f o r  the State o f  F lo r ida  and S R I  study would be made 
t o  approximate those o f  the OPD study. Since the primary i n t e n t  o f  
the p ro jec t  was t o  be able t o  make comparjsons o f  response time f o r  
the two conf igurat ions and a lso f o r  var ia t ions i n  operational methods, 
i t  was assumed t ha t  exact d i s t r i bu t i ons  were no t  required bu t  only 
good approxi rna ti ons . 
I n  order t o  make the model more f l e x i b l e ,  i t  was a lso decided : 
t o  use standard d i s t r i b u t i o n s  i n  descr ib ing the delay elements. Using 
closed form expressions s i m p l i f i e s  descr ip t ion o f  the  element i n  the 
s imulat ion and makes i t possible f o r  easy rev i s ion  when examining 
a l te rna te  delay times. The OPD study (Doering, R.D., p.65) examined 
each o f  the parameters i n  i t s  model, performing Chi-Squared goodness 
o f  f i t  tes ts  i n  an attempt t o  de f ine  a closed form o f  a p r o b a b i l i t y  
density funct ion.  Note t h a t  t ransfer ,  relay, and r e f e r r a l  times were 
no t  considered i n  t h i s  study s ince the concern was only f o r  OPD d i rec ted  
ca l l s .  No standard d i s t r i bu t i ons  could be extrapolated from the 
sample populations w i t h i n  speci f ied s t a t i s t i c a l  leve ls  o f  confidence 
therefore exact d i s t r i bu t i ons  were used i n  the OPD simul at ion. 
D is t r ibu t ions  had t o  be assi gned t o  these parameters i n  order 
t o  run the 911 simulations. It was decided t o  generate closed form 
- d i s t r i bu t i ons  f o r  these parameters using the means defined i n  t ab le  1. 
These closed form expressions would be chosen by examining the d is -  
t r i bu t i ons  o f  l i k e  functions i n  the OPD Study. 
The operator s t a f f i n g  parameters t h a t  were used as inputs f o r  
the simulat ions were i n i t i a l l y  assigned based on busy hour values 
calculated i n  the State Orange County study. They were then var ied 
based on analysis o f  the loading fac to rs  computed i n  the simulat ions 
i n  order t o  achieve optimal response time. 
The telephone l i n e  parameters assigned t o  the models were 
i n i t i a l l y  ca lcu la ted based on the maximum number o f  opera tors t h a t  
would be assigned t o  a p a r t i c u l a r  s h i f t  f o r  a 24 hour day. A f l e x i -  
b i l i  ty fac to r  was added t o  account f o r  generalized community emergen- 
c ies t h a t  could cause a system overload. 
+ Incoming Ca l l  Volume 
Ca l l  volumes have been shown by nat ional  experience (Felperin, 
et.al., 1974, p.80) t o  be a func t ion  o f  populat ion and regional 
character is t ics .  Areas o f  higher populat ion densi ty have been found 
t o  have a hfgher incidence o f  crime. Orange County was designated as 
a hfgh crime area by the Goernor's Commission on Criminal Just ice 
Standards and Goals. The S R I  repor t  (Felperin, et.al., 1974, p.80-81) 
derives a c a l l  volume versus populat ion r a t i o  f o r  Flor ida.  Results 
of the F lo r ida  data compared we l l  w i t h  data taken from other areas o f  
the country. A c a l l  volume/population r a t i o  o f  2 per 1,000 f o r  a 
h i g h  crime area was determined t o  be a feas ib le  number. Orange County, 
i n  add i t ion  t o  being designated a high crime area, i s  a lso a h igh 
tourism area (VanLandingham, W . W . ,  1975, p.6). For t h i s  reason, i t  i s  
assumed t h a t  the c a l l  volume f o r  Orange County w i l l  increase by 10 
percent ( VanLandingham, W . W . ,  1975, p.6). I n  determining a f i n a l  
r a t i o  f o r  de r i v i ng  t o t a l  projected d a i l y  c a l l  volume, VanLandingharn 
(1975, p.7) combines a growth and f l e x i b i l i t y  f ac to r  o f  15 percent, 
a tourism f a c t o r  o f  10 percent, and 85 percent law enforcement f a c t o r  
t o  y i e l d  a 3 c a l l  per 1,000 populat ion r a t i o .  
Law Enforcement 
Cal l  Volume 
Growth & 
F l e x i b i l i t y  Factor 
Tourism 
Factor 
2 X Po u l a t i o n  . X --kim- 1 . I5 X 1.10 I  
.Of35 
- taw Enforcement 
Ca l l  Rat io 
3.0 Cal ls 
1,000 Populat ion 
Total  Da i l y  Ca l l  Volume 
Factor f o r  A1 1 Agencies 
This i s  the t o t a l  dai l y  c a l l  volume used i n  the s ta te  Orange County 
study (F lo r ida  Department o f  General Servi ces 1975). Thi s dai  l y  c a l l  
volume f a c t o r  was used i n  the  computer simulat ions developed i n  t h i s  
research. U t i l i z i n g  t h i s  factor ,  a t o t a l  d a i l y  c a l l  volume can be 
computed for  the 911 systern(s) i n  each o f  the two configurat ions. The 
var iab le  o f  the re1 at ionship y i e l d i n g  t o t a l  projected dai l y  cal l  
volume i n t o  a 911 center i s  population. 
Total Populat ion i n  J u r i s d i c t i o n  o f  
911 Center 3 Cal ls Per Day Per = Call  s 
1,000 1,000 Population Per 
Day 
As has been stated, the populat ion f igures f o r  the several Orange 
County j u r i s d i c t i o n a l  areas involved i n  the two configurat ions have t o  
be adjusted due t o  boundary mismatches t o  give val i d  populat ion para- 
meters. Table 9 sumnarizes the populat ion data i d e n t i f i e d  i n  the 
F lor ida Orange County Report. I n  conf igurat ion I, wi th  only one 911 
center, the populat ion parameter used i n  the model would be t h e  
adjusted t o t a l  county populat ion which i s  495,966. Configurat ion I1 
has two 911 centers therefore two populat ion sources which generate 
ca l l s .  These are the adjusted Main and Colonial telephone populat ion 
o f  140,000 and the adjusted t o t a l  non-Orlando county populat ion o f  
355,966. These f igures are entered i n t o  the models as var iab le  data 
and can be modif ied f o r  projected populations. 
Incoming Cal l  D i s t r i b u t i o n  
There are four  c a l l  o r i g i n  d i s t r i bu t i ons  t h a t  are considered i n  
the models. They are (1) d i s t r i b u t i o n  o f  c a l l s  over a 24-hour period, 
(2) d i s t r i b u t i o n  of c a l l s  based on p o l i t i c a l  boundaries, (3)  d i s t r i -  
but ion o f  c a l l s  t o  the proper pub l i c  service agency, and (4) d i s t r i -  
but ion of c a l l s  based on emergency o r  non-emergency nature. 
( 1  ) A cumulative probabi li t y  funct ion was created f o r  the 
occurrence o f  a 911 c a l l  during a p a r t i c u l a r  hour o f  the day from 
TABLE 9 
INCOMING 91 1 SYSTEM CALL DISTRIBUTION 
SOURCE: Orange County 911 Ca l l  Survey (Appendix 3) 
'a~unction 'PCENT' i n  Models. 



















P (T= 1 900) 
P (T-2000) 
P(T=2200 1 i 
P(T-2300) ' 
P (T-2400) 
Cal ls  Per Hour/Total Cal ls  
4281 1 3,486 
3221 1 3,486 
23811 3,486 
171113,486 
11 511 3,486 
157113,486 
3861 13,486 
7401 1 3,486 
871/13,486 
1003/13,486 





81 611 3,486 
65411 3,486 
65511 3,486 
51 211 3,486 
49511 3,486 
51 1113,486 
447/ 1 3,486 
357113,486 
ZOO/ 1 3,486 
Ratio of Cal ls  , 
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Comnunications . Sys tern Confi gura t i  on S t idy  f o r  Oranqe County 91 1 , 
(1975), p.4-6, 15. 
a ~ a r i  able 'ATOTP ' I n  Model 
b ~ a r i a b l e  'MACLP' I n  Model 
DESCRIPTION 
Total  Orange County Population 
Cf ty o f  Or1 ando Population 
Population o f  Other Mun ic ipa l i t ies  
Out Population - Out o f  Exchange Cit izens 
of Orange County Whose Cal ls are Trunked 
In to  Orange 
In Population - C i  ti zens o f  Adjacent 
Counties Whose Cal ls Have t o  be 
Transferred Out 
Unincorporated Area Popul a ti on 
Bell Isle Population 
County Popul a t i  on Trunked t o  Or1 ando 
Center 
City Population Por t ion o f  Main and 
Colonial 
Adjusted Total  County Telephone Population 
= (1)-(4)+(5) 
Adjusted Main -and Colonial Telephone 
Population = (9)+(8) 
Adjusted Total Non-Orlando County 














data co l lec ted  i n  an Orange County survey dur ing the per iod o f  5-1 1 
January 1975 (Appendix 3). Table 9 l i s t s  the p robab i l i t i es  t h a t  a c a l l  
w i  11 occur dur ing one of the 24 hours o f  the day. Having establ ished 
the p r o b a b i l i t y  d i s t r i bu t i on ,  i t  was then necessary t o  compute a mean 
i n t e r a r r i v a l  t i m e  o f  c a l l s  f o r  each hour (T) . 
~ a l l s / ~ o u r ( ~ )  = CallsIDay X Ratto o f  a Cal ls Occurring During 
Hour (T). 
This r e s u l t  i s  the hour mean. The hour-mean was then used as the mean 
of an exponential d i s  tri but ion  sampled v ia  random number se lec t ion  i n  
the model. The hour-mean was updated as a funct ion o f  the hour o f  day 
as the s imulat ion clock was updated. The r e s u l t i n g  funct ion provided 
an approximation t o  a Poisson a r r i v a l  process which i s  the  type of 
a r r i v a l  r a t e  t h a t  can be expected. The GPSS model was designed t o  
generate c a l l s  ( t ransact ions) based on i n t e r a r r i v a l  times computed w i  t h  
t h i s  method. A histogram o f  incoming 911 system c a l l  volume i s  included 
i n  Appendi ces 7 and 8. 
(2)  Fractions were computed f o r  the d i s t r i b u t i o n  t o  the 
proper j u r i s d i c t i o n s  o f  calls enter ing the 911 center(s) . These f rac-  
t ions  were based on the populations defined i n  Table 10. A GPSS 
function was established. f o r  each model t h a t  was sampled v i a  random 
number se lec t ion  i n  order t o  assign j u r i s d i c t i o n  t o  a c a l l  enter ing the 
model. Tables 11 and 12 l i s t  the j u r i s d i c t i o n a l  r a t i o s  f o r  Configurat ion 
I and II  respect ively.  
(3) A GPSS funct ion was created f o r  the s imulat ion models 
that would be randomly sampled t o  y i e l d  a d i s t r i b u t i o n  o f  the enter ing 
c a l l s  t o  appropriate pub l i c  safety  agencies. The r a t i o s  f o r  t h i s  
d i s t r i b u t i o n  are constant and are defined i n  the State Orange County 
study (F lo r ida  Department o f  General Services , p. 9) . A normal c a l l  
d i s t r i b u t i o n  o f  85 percent law enforcement, 9 percent f i r e ,  5 percent 
medical, and 1 percent f o r  o ther  emergency services ( c i v i  1 defense, 
dog catcher, etc.) i s  used i n  the computer simulations. 
(4) Since a l l  c a l l s  i n t o  a 911 system w i l l  not  be o f  an 
emergency nature, a r a t i o  of emergency c a l l s  t o  t o t a l  c a l l s  i s  defined 
t o  be one ha1 f i n  the F lo r ida  Orange County Study (p. 9). A random 
sampling o f  a cuntion w i t h  t h i s  d i s t r i b u t i o n  was establ ished f o r  the 
simulations. 
Ring Down Time 
An examination of the physical  charac te r is t i cs  o f  the r i n g  down 
time function used i n  t he  Orlando Pol ice Department (OPD) study shows 
t h a t  the func t ion  exhib i ted a r e l a t i v e l y  f l a t  d i s t r i b u t i o n  i n  t h a t  i t s  
standard dev ia t ion was rather large. The histogram ( b e r i n g ,  R. D., 
1972, p.141) shows a p o s i t i v e  skewness which i s  a t t r i b u t e d  t o  the zero 
time cons t ra in t  and no upper time l i m i t .  I n  examining closed form 
expressions t h a t  might best  f i t t h i s  d i s t r i b u t i o n ,  i t  was decided t h a t  
the Chi Squared d i s t r i b u t i o n  wi th a mean (degrees o f  freedom) o f  3 was 
the best approximation. Appendix 4 includes a tab le  o f  the cumulative 
p robab i l i t y  i n t e r v a l s  f o r  the ring .down t ime funct ion used i n  the 
simulations. 
TABLE11 
CONFIGURATION I JURISDICTION RATIOS 
a ~ n t i  y numbers are from Table 2 




Muni c i  pa 1 Areas 
Out o f  County 
Transfers 
RELATIONSH I pa 
(1) + (7)  - (4) / ( l o )  










CONFIGURATION I I  JURISDICTIONAL RATIOS 
DESCRIPTION  RELATIONSHIP^ RAT 10 
County 911 centerb 
County Center (6)+(7).-(4)-(8) / (10)-(11) 0.75 
Transfers to Orlando 
Center 
(2)-(9) / ( 1 0 ) - ( 1 U  
Municipal Areas 
Out o f  County 
Transfers 
( 5 ) /  (10)-(11) 
Remainder of County 0.15 
1 .o 
Total 
a ~ n t i t y  n h e r s  are  from Table 2. 
b ~ u n c t i o n  'CGOTO' In Configuration I1 
' ~unct jon  'OGOTO' i n  Configuration I I 
Informat ion Gathering Time 
The histogram f o r  the information gathering time funct ion used 
i n  the OPD study was also found t o  e x h i b i t  the pos i t i ve  skewness 
charac te r is t i c  of r i n g  down t ime (Doering, R.D. 1972, p.141). It was 
also decided t o  use the Chi Squared d i s t r i b u t i o n  w i th  60 degrees o f  
freedom. The u t i l i z e d  funct ion i s  tabulated i n  Appendix 4. The in -  
formation gathering time i n t e r v a l  i s  i d e n t i f i e d  as t5 t o  t6 time on the 
Emergency Event Sequence char t  (Figure 1). Since the F lor ida Orange 
County study d id  no t  d is t ingu ish  between the actual c a l l e r  inter face 
time and the time i n t e r v a l  f o r  gathering addi t ional  informat ion p r i o r  
t o  dispatch, (geo-indexing, etc.) i t  was decided t o  use an informat ion 
gathering t ime mean o f  60 seconds as i d e n t i f i e d  i n  the SRI repor t  
(Table 1). The addi t ional  t ime (tt--;' t8, Table 1) would be t reated 
separately e i t h e r  as c a l l  re lay  time or form completion time depending 
on operational method. There i s  a d i s p a r i t y  between the t o t a l  times 
f o r  these i n t e r v a l s  (t5-+ t8, Table 1) f o r  the  two studies t h a t  was 
not resolvable. It was decided t o  use the SRI study values and consider 
the d i f ference o f  5 seconds when analyzing the resu l ts .  The SRI value 
o f  60 seconds f o r  average c a l l -  length was a r r i ved  a t  based on discussions 
w i t h  pub l i c  safety  personnel. I t  was f e l t  t o  be a reasonable estimate 
f o r  use i n  a conceptual design (Felper in et.al., 1974, p.82). The s t a t e  
Orange County study was no t  concerned w i  th c a l l  1 ength i n i t s e l  f, only  
a composite operator handl ing t ime for  a mix o f  c a l l  types. 
Relay Time 
The re lay  time mean i s  15 seconds. ThSs i n t e r v a l  i s  defined as 
the t i m e  per iod a f t e r  the c a l l e r  hangs up f o r  the operator t o  gather 
addi t ional  i nfomat i  on (query data f i l e  o r  geo-i ndexi ng) and re1 ay the 
information t o  the dispatcher who i s  located elsewhere. For the pur- 
poses o f  t h i s  pro ject ,  i t  i s  assumed t h a t  d i g i t a l  transmission w i l l  be 
used t o  re lay  the c a l l  t o  the  dispatcher. Since the process o f  geo- 
indexing for  d i g i t a l  ly t ransmi t t ing  the c a l l  i s  basical l y  the same as 
f i l l i n g  out a fom (probably a CRTIkeyboard combination), the OPD 
histogram f o r  fom completion time (Doering, R.D., 1972, p.141) was 
examined. Again the d i s t r i b u t i o n  exhib i ted a pos i t i ve  skewness and 
therefore a Chi Squared d i s t r i b u t i o n  seemed appropriate. The tabulat ion 
of the cumulative d i s t r i b u t i o n  func t ion  i s  shown i n  Appendix 4. 
Form Compl e t i  on T i  me 
This time i n t e r v a l  i s  the same as the re lay  c a l l  time. The only 
difference i s  that t h i s  method i s  used i n  the scenario where the dis-  
patchers are located w i  t h  the compl a i  n t  operators thus the i nformation 
i s  manually transferred v ice d i g i t a l l y  relayed. The time f o r  geo- 
indexing would be the same f o r  both methods thus a mean o f  15 seconds 
w i t h  a Chi Squared d i s t r i b u t i o n  was used i n  the model. 
Transfer Cal l ,  Time 
The time f o r  the 911 center operator t o  t rans fe r  a c a l l  i s  
defined as 20 seconds i n  Table 1. This excludes the r i n g  down t ime a t  
the publfc serv ice agency t o  which the c a l l  i s  being transferred. The 
operator obtains the necessary information t o  a l low t rans fe r  ' t o  the 
proper agency. Since t h i s  time i n t e r v a l  i s  s i m i l a r  i n  method t o  
information gathering, the Chi Squared d i s t r i b u t i o n  was again chosen. 
Th is  funct ion i s  tabulated i n  Appendix 4. I n  t h i s  operational method, 
the operator will stay w i t h  the c a l l  u n t i  1 the c a l l  i s  answered a t  the 
appropriate agency. 
Ca l l  Referral  Time 
This method i s  s i m i l a r  t o  the c a l l  t rans fe r  method. The 
operator 's on ly  task i s  t o  g ive the c a l l e r  a seven d i g i t  number t o  
c a l l  s ince the call i s  n o t  an emergency. The operator immediately 
hangs up a t  t h i s  point .  The task t o  be performed i s  i den t i ca l  t o  the 
c a l l  t ransfer up to the po in t  o f  patching the c a l l  t o  a p r i va te  l i n e  
since the  nature o f  the c a l l  requires t h a t  enough informat ion be 
gathered t o  decide what i s  the non-emergency agency's telephone number. 
The mean i d e n t i f i e d  i n  the F lor ida study i s  defined as 20 seconds i n  
tab le  1. The Chi-Squared d i s t r i b u t i o n  was again used. 
+ Operator S t a f f i n g  
One o f  the benef i t s  o f  the computer s imulat ion model i s  the 
a b i l i t y  t o  easily:lexamine alternate conf igurat ions.  I n  t h i s  p ro jec t  
one o f  the ob ject ives was t o  minimize the resources required t o  achieve 
an e f f e c t i v e  c i t i z e n ' s  response time. Therefore the simulat ions were 
run and analyzed t r e a t i n g  the s t a f f i n g  leve ls  o f  the 911 center(s) and 
Orlando Pol ice Department as variables. The i n i t i a l  runs were made 
u t i  l i z i n g  the s t a f f i n g  leve ls  calculated w i t h  the methods i d e n t i f i e d  
i n  the F lo r ida  Orange County study (see Section I, tab le  3). They were 
then varied based on examination o f  the model ' s  loading factors  as 
iden t i f i ed  a f t e r  each s imulat ion run. 
9 Tel ephone L i  ne Requi rements 
As w i t h  operator s ta f f i ng ,  the s i z i n g  o f  the telephone 1 i n e  
requirements were t reated as model variables t o  be modif ied t o  meet 
performance requirements . However, f o r  the i n i  ti a1 runs, val  ues f o r  
numbers o f  telephone 1 ines had t o  be assigned f o r  each configurat ion. 
Configurat ion I 
It has been determined t h a t  the s t a f f i n g  f o r  one 24 hour s h i f t  
for  the Orange County 911 answering center requires 5 operators f o r  
second s h i f t  (Appendix 1). The minimum number o f  trunk l i nes  t o  the 
center should be 5. However, i n  order t h a t  a generalized community 
emergency might be handled, a few ex t ra  l ines  should be i n s t a l l e d  since 
they are r e l a t i v e l y  inexpensive. For the purposes of the model, 8 l i nes  
w i l l  be designed i n t o  the model. 
From the conf igurat ion I operator s t a f f i n g  calculat ions , i t was 
determined t ha t  the number o f  busy hour c a l l s  would be 3 f o r  the Orlando 
F i r e  Department. I f  the 3 cal ls/hour busy-hour average was extrapolated 
over 24 hours a t  an average o f  60 seconds per c a l l  then the t o t a l  t ime 
consumed would be: 
3 cal ls /hour X 24 hours X-60 seconds/call = 4,320 seconds 
The t o t a l  t ime i n  a 24 hour s h i f t  i s :  
24 hours X 3,600 seconds/hour = 86,200 seconds 
4 320 Thus the u t i l i z a t i o n w o u l d  be = 8m = .05 (worst case) 
'Because o f  t h i s  low u t i l i z a t i o n ,  the model w i l l  be designed w i t h  only 
one p r i v a t e  1 i ne t o  the Orlando F i r e  Department. 
The s t a f f i n g  ca lcu la t ions for  t rans fe r  c a l l s  t o  the municipal 
pol i c e  departments show t h a t  the 24 hour coverage requires a maximum 
o f  two operators on any s h i f t .  I n  l i g h t  o f  the f a c t  t h a t  a l l  the  
municipal po l  i c e  departments are being considered as one i n  t h i s  model , 
i t  w i l l  be assumed t h a t  these operators are s t a f f i n g  one complaint 
desk operat ion. Due t o  the low busy hour volume on ly  one- l i n e  w i  11 be 
assi gned. 
The s t a f f i n g  ca lcu la t ions  show a coverage f o r  the municipal f i r e  
department of one operator per s h i f t .  For the same reason as the  
Municipal Pol i c e  departments, these operators w i  11 be assumed t o  be 
located a t  the same place. Since the busy hour c a l l  volume i s  1.3, 
only one p r i v a t e  l i n e  w i l l  be assigned t o  t h i s  agency. Due t o  the 
extremely low c a l l  volumes, on ly  one p r i v a t e  l i n e  per agency i s  being 
assigned i n  the model f o r  t r ans fe r  and re lay  c a l l s  t o  the remaining 
Orange County agencies. 
Conf igurat ion I1 
The busy hour s h o f t  manning f o r  the Orange County 911 center  was 
ca lcu la ted t o  be 5 operators, therefore t o  a l low f o r  general ized 
comnuni ty emergencies, 8 t runk l i n e s  w i  11 be designed i n t o  the model 
i n i t i a l  ly. 
The busy hour s t a f f i n g  ca lcu la t ions show a maximum o f  3 operators 
f o r  the Orlando 911 center, the re fo re  4 t runk l i n e s  w i l l  be i n i t i a l l y  
assigned t o  the model. 
Since the  number o f  busy hour c a l l s  t rans fe r red  t o  the Orlando 
Po l i ce  i s  4 per day, only 1 p r i v a t e  l i n e  should be required. Two l i n e s  
w i l l  be assigned t o  the model f o r  analysis.  
The number o f  busy hour calls transferred to the Sheriff's Depart- 
ment by the Orlando 911 Center i s  1 per day, only 1 private line should 
be required. Two will be assigned for analysis purposes. 
The .remainder of the agencies should only require 1 transfer or 
relay line due to low call volumes. 
SECTION f V  
SYSTEM SIMULATION MODEL 
Simulat ion means representat ion o f  r e a l i t y  . Simulat ion techniques 
aided by the increased power o f  h igh speed dig1 t a l  computers has become 
more widespread i n  a l l  f i e l d s  invo lv ing  s t a t i s t i c s  and probab i l i t y .  
The f i r s t  step i n  implementing the Orange County 911 system simulat ion 
model was t o  o u t l  i n e  a theore t i ca l  working model of the actual system 
operations. Figure 11 o u t l  ines the hierarchy o f  the working model. 
Orange County Cal ls for,Telephone+Compl a i  n t  Pub1 i c  
F l o r i  da ~ n v i  ronment+ Servi ce Sys tern Des k -) service 
Operators Agenci es 
Fig. 11 . 91 1 System Abstract Model 
The b u i l d i n g  o f  a GPSS model i s  based on Monte Carlo techniques 
i n  t h a t  i s  involves chance variables. The reasons f o r  using t h i  s 
technique are as fo l lows (Gibra, I I . N . ,  1973, p.43): 
(1) The systems being studied cannot be analyzed by using 
d i  r e c t  and formal ana ly t i ca l  methods. 
(2) Analy t ica l  methods are complex, time-consuming , and 
cost ly .  
(3)  Di rec t  experimentation cannot be performed 
(4) Analy t ica l  so lu t ions are beyond the mathematical 
t r a i n i n g  o f  operations analysts . 
Bas ica l l y  the Monte Carlo technique i s  based on: (1)  a random 
var iab le  and i t s  p r o b a b i l i t y  d i s t r i b u t i o n ,  and (2)  a, sequence o f  random 
numbers. The generat ion o f  random numbers f o r  sampl i ng the  probabi 1 i ty  
d i s t r i b u t i o n s  o f  the  model 's random var iab les  i s  the hear t  o f  the 
technique. GPSS has b u i l t  i n t o  i t  random number generators t h a t  make 
i t  s u i t a b l e  f o r  t h i s  type o f  s imulat ion.  
The computer models t h a t  were b u i l t  f o r  t h i s  p r o j e c t  obviously 
cannot exac t l y  s imulate the  r e a l  wor ld environment b u t  do serve as 
c lose approximations. The i r  i n p u t  i s  s u f f i c i e n t l y  c lose t o  a1 low, 
however, users t o  make v a l i d  decisions based on the output. The models 
a lso  a1 low f o r  modi f ica t ions t h a t  enables the users t o  examine a1 ternate  
so lu t ions.  I n  the 911 system design, such var iab les  as populat ion, 
opera tor s t a f f  i ng , tel ephone 1 i ne requ i  rements and ~ ~ p e r a t i o n a l  methods 
can be changed and the  system performance exami ned under these a1 ternate  
condi t i ons  . 
Model Logic 
The f i r s t  s tep i n  designing the  computer models o f  the 911 system(s) 
i s  t o  f l o w  c h a r t  the actual system. The nex t  s tep i s  t o  transpose the 
entit ies o f  the actual system i n t o  l o g i c  blocks o f  the GPSS program. 
The h e a r t  o f  the GPSS l o g i c  i s  the  t ransac t ion  which was made t o  cor- 
respond t o  a c a l l  i n  the 91 1 system model. The comp'uter i s  used t o  
generate these t ransact ions i n t o  the model by s t a t i s t i c a l  c a l l  a r r i v a l  
in format ion programmed and a1 lowed en t r y  i n t o  t he  model by random 
sampling techniques. The equivalence o f  the  GPSS program l o g i c  t o  a 
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Fig.  12. Flow Chart of Actual System 
Versus Program Logic Blocks of GPSS. 
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actual coding o f  the two models a more de ta i led  f low chart  o f  each 
conf igurat ion i s  required t o  def ine the l q g i c  necessaby t o  describe the 
specif ied operational methods. Appendices 5 and 6 contain the flow 
charts f o r  Configurat ion I and I 1  respect ively.  
The Configurat ion I flow char t  (Appendix 5) contains the primary 
modules o f  the model . Cal l  s enter the model by way o f  the 'GENERATE ' 
block. As described e a r l i e r ,  the c a l l s  are generated w i th  an i n t e r -  
a r r i v a l  t ime approximating a Poisson d i s t r i b u t i o n  w i t h  each hour o f  
the s imulat ion having i t s  own mean. As the c a l l s  are generated, they 
enter the telephone l i n e  queue representing the trunk 1 ines from the 
Orange County telephone cent ra l  o f f i c e s  t o  the s ing le  911 center a t  
the S h e r i f f ' s  Department. The t runk l i n e s  ( f a c i l i t i e s )  are on a ro ta ry  
and the f i r s t  f r e e  l i n e  i s  selected. I f  a l l  l i n e s  are busy, the c a l l  
enters a re -d ia l  queue w i t h  a delay t o  simulate the time required for  
the c i t i z e n  t o  hang up .and r e d i a l  the 911 number. During the s imulat ion 
runs the telephone l i n e  s i z i n g  was adjusted such t h a t  en t r ies  i n t o  the 
re -d ia l  queue would be zero o r  a t  l e a s t  1 ess than one i n  a hundred.. 
This was done i n  order t h a t  the telephone grade o f  service performance 
requirement would be PO1 o r  be t te r .  Once a f ree  l i n e  was selected then 
the c a l l  would be delayed i n  the r i n g  down' t ime module. When i t  l e f t  
t h i s  module, a check f o r  any f ree  operators ( f a c i l i t i e s )  was made. I f  
I 
a1 1 operators were busy then the c a l l  was l e f t  i n  the* ho ld  module, i . e. , 
an operator puts the c a l l  on hold. Once aperators became , f ree, the 
l eas t  u t i l i z e d  operator i s  selected. The c a l l  i s  then checked t o  see 
if i t  i s  an emergency c a l l .  I f  n o t  an emergency, the c a l l  enters the 
call referral module and terminates. The call i s  then checked to 
determine i f  i t  i s  outof  county. If i t  i s ,  i t  enters t h e o u t o f  j 
county transfer module and terminates. I f  i t i s  not out o f  county,, 
then the call i s  checked to determine i f  i t  i s  a municipal call.  I f  
i t  i s ,  then the EMS and other calls enter the call relay module and 
terminate. The f i r e  and police .calls enter the call transfer and 
direct dispatch modules and teninate .  If the call i s  n o t  municipal 
then i t  is checked to  see i f  Orlando i s  the source. I f  i t  i s ,  then 
the EMS and other calls enter the call relay module and terminate. 
The Orlando f i r e  calls enter the call transfer and direct dispatch 
modules then terminate. The Orlando pol ice calls pass through the 
call transfer module and enter a l i n e  queue simulating private lines 
t o  the Orlando Pol ice  Department. The call passes through a line 
select and line busy module the same as those entering the 91 1 center. 
After the ring down t ime delay, a check for a free operator i s  made 
and again a hold queue i s  entered i f  there are none free. Once the 
least utilized free operator i s  selected, the call passes th rough  the 
direct dispatch module and terminates. I f  the call i s  not'orlando 
originated but i s  from the unincorporated area of the county then i t  
i s  checked t o  determine i f  i t  i s  a Sheriff's Department directed call.  
If i t  i s ,  t hen  i t  passes through the direct dispatch module and 
terminates. If i t  is a f i re ,  EMS or other call then i t  passes through 
the call relay module and terminates. Prior to a call(transaction) 
being terminated from the simulation, s ta t i s t ics  are collected for 
each agency simulated. In addition all  the in-county emergency calls 
are entered i n  a table called CITZR. Table CITZR contains s tat is t ics  
on the frequency distribution of the calls .from s ta r t  of ring to the 
point where the call i s  ready t o  be transf4rred t o  the dispatcher. 
The Configuration I1 model (Appendix :6) contains the same type 
modules. The basic difference i s  that there are two call sources 
(GENERATE blocks) and that several of the agency operational methods 
are different requiring usage of other combinations of call type modules. 
Table 13 defines the delay time elements of each call type 
module used i n  the computer simulation models. 
TABLE 73 
CALL TYPE MODULE DELAY TIME ELEMENTS 
InputData . 
There are two types o f  data that were used i n  the computer sim- 
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operators, telephone lines, and population parameters to be used for 
each simulation r u n .  As has been stated, these parameters for the 
i n l t i a l  simulat ion runs were spec i f ied as defined i n  the F lor ida Orange 




(except f o r  population) i n  order t o  analyze a1 ternate solut ions. The 
second type i s  the random var iab le  data tha t  describes the time dependent 
character is t ics  of the system. This includes incoming c a l l  i n t e r a r r i  val 
time d i s t r i bu t i ons  and the time delay element d is t r ibu t ions  which are 
charac te r is t i c  o f  the models. S t a t i s t i c a l  time d is t r ibu t ions  were 
formed f o r  these elements tha t  could be t ranslated i n t o  the GPSS 
'FUNCTION' statement. Bas ica l ly  t h i s  involves generating a cumulative 
d i s t r i b u t i o n  funct ion o f  the t i m e  element w i th  a mu l t i p le  number o f  
points spec i f ied i n  conjunction w i t h  the cumulative probabil  l t y  t ha t  
the po in t  might be selected. The GPSS 'FUNCTION' statement has a 
random number se lect ion opt ion t h a t  can pick points i n  the range o f  
0.0 t o  1.0 on the cumulative p robabf l i t y  funct ion and in te rpo la te  t o  
f i n d  the random variables f o r  the next required i n t e r a r r i v a l  o r  delay 
time. D is t r ibu t ions  f o r  a1 1 the time elements used i n  the model were 
prepared. Appendix 4 i 1 l us  t ra tes the cumulative and frequency d i s t r i -  
but ion time functions used i n  the model. For the c a l l  volume time 
algori thm since the mean i n t e r a r r i v a l  time changes f o r  every hour o f  
the day, two separate GPSS functions had t o  be defined. The f i r s t  i s  
the 'PCENT' funct ion which i s  a  d iscrete time p robab i l i t y  mass funct ion 
t h a t  defines the percentage o f  the t o t a l  dai l y  c a l l s  t o  be expected 
during any hour o f  the day. The second i s  the "XPDIS '  funct ion which 
defines a continuous d i s t r i b u t i o n  o f  t h a t  mean over t ha t  'hour approxi- 
mating a Poisson type d i s t r i bu t i on .  Note t h a t  the  model simulat ion 
clock w i l l  run f o r  a cycle o f  1  through 24 hours and then recyc1,e. 
I 
This represents a  time cycle o f  from 2300 hours t o  2300 hours the 
I 
next day w i t h  the three 911 system s h i f t s  defined as l fo l lows:  
I 
1 s t  S h i f t  - 2300 t o  0700 
2nd S h i f t  - 0700 t o  1500 
3rd S h i f t  - 1500 t o  2300 
Model Output Data 
Once the parameters f o r  the i n i t i a l  simulations were defined, the 
simulat ion models were run and the outputs analyzed i n  order t h a t  a  
course o f  ac t i on  might be defined f o r  f u r the r  runs. The data tha t  was 
made avai lab le  f o r  analysls on the s imulat ion run output included such 
e n t i t i e s  as: 
(1) F a c i l i t y  u t i  l i z a t i o n  f o r  
opera tors  , telephone 1 i nes 
(2 )  Call volumes t o  pub1 i c  service agencies 
(3) System Queues 
telephone swi t c h i  ng , busy 1 i nes , operators, c a l l s  he1 d 
(4) System t iming 
telephone 1 i ne  usage d i s t r i bu t i on ,  agency response 
d i s t r i bu t i on ,  c i t i z e n  response d i s t r i b u t i o n  
One approach used i n  the analysis consisted o f  minimi z ings such 
quanti t i v e  system character is t ics  as 1 ines busy, c a l l  holds, and c i t i z e n  
response times. Such simulat ion outputs as number o f  holds per s h i f t  
might be used t o  determine whether o r  not  the number o f  operators for  
t h a t  s h i f t  should be increased o r  decreased. Another desired r e s u l t  of 
the p r o j e c t  was t o  see if the c i t i z e n  response t i m e  for  each conf ig-  
u ra t i on  might be made approximately equal by modi fyi ng the  parameters. 
This might r e s u l t  i n  the increasing o f  su ih  system pikameters as 
numbers of operators o r  queue wai ti ng times. 
Model Va l ida t ion  
Several steps were taken t o  insure t h a t  the  developed computer 
methods were i n  some s t a t e  o f  agreement w i t h  r e a l i t y .  F i r s t  o f  a l l  
s ince GPSS does use Monte Carlo s imula t ion techniques f o r  generation 
o f  such random var iables as c a l l  i n t e r a r r i v a l  t ime and operat ional 
delay times, the method i s  i n  concurrence w i t h  the nature o f  the  91 1 
system environment. This i s  due t o  the cha rac te r i s t i  ca l  l y  random 
occurrence o f  the c a l l s  i n  the f i r s t  p lace along w i t h  the randomness 
o f  p red i c t i ng  operator handl ing t ime f o r  a p a r t i c u l a r  c a l l .  
Secondly, s ince t ime d i s t r i b u t i o n s  had t o  be developed f o r  the 
model, the quest ion as t o  the actual  representat ion o f  these d i s t r i -  
but ions by the  GPSS entf t i e s  had t o  be examined. Therefore several 
spec ia l  s imula t ion runs were made on both the c a l l  volume d i s t r i b u t i o n s  
and operat ional  delay t ime d i s t r i b u t i o n s  which resu l ted  i n  output  
d i s t r i b u t i o n s  t h a t  could be compared w i t h  the i n p u t  data. I n  the case 
o f  c a l l  volume, a seven day simulated run was made w i t h  the models c a l l  
a r r i v a l  algori thm. S t a t i s t i c s  were co l l ec ted  f o r  the seven 24 hour 
periods and compared w i t h  the percents by hour f o r  w e  i npu t  funct ion.  
Table 14 shows the  comparison. The graph o f  the d i s t r i b u t i o n  o f  c a l l s  
over 24 hour cycles o f  the s imulat ions are  shown i n  appendices 9 and 
10. Note t h a t  the t o t a l  7 day c a l l  volume o f  the  s imula t ion run (10,440) 
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agrees wi th in  0.3 percent of that computed using the deterministic 
model 's method. 
X 495,966 Pop. X 7 days = 10,415 calli 1000 pop. 
TABLE 14 
CALL VOLUME VALIDATION 
TOTAL CALLS = 10,440 (7 Days) 
SOURCE: Configuration I Simulation Run (Appendix 9) 
a ~ h e  number o f  calls during simulation hours 1-24 are represented i n  
the contents o f  SAVEVALUES 61-84. 
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The primary ob jec t ives o f  t h i s  p r o j e c t  were threefo ld :  (1 )  a 
comparlson o f  the  F lo r ida  Department o f  General Serv i  ces Orange County 
91 1 system study r esu l  ts w i t h  those o f  a computer model , (2) deter- 
mination o f  the optimal con f i  gu ra t i  on w i  t h  respect t o  minimizing 
response times and/or minimiz ing resources, and (3) generation o f  a 
general purpose computer s imula t ion model t h a t  can be used f o r  pro jec-  
t i o n  of future needs of an implemented 91 1 system. 
Object ive o f  P ro jec t  
The environment o f  a 911 telephone system i s  i n  i t s e l f  dynamic. 
A n y  comnunications system that feeds emergency serv ice type pub1 i c  
safety agencies must i nheren t l y  have the c a p a b i l i t y  o f  r ap id  and com- 
p l e t e  in fo rmat ion  assembly. The nature  o f  the tasks w i t h i n  the system 
requi r e  t h a t  dec is lon maki ng and execution r e s u l t i n g  from expendi t i ous  
information tak ing  w i  11 assure r a p i d  response t o  the t h rea t  s i t u a t i o n  
t h a t  has created the i n p u t  t o  the system. 
I n  designing such a system i t  i s  n o t  general ly  expedient t o  - 
experiment w i t h  an e x i s t i n g  or r e a l  system since i t  would upset the 
operat ion and may be hazardous. In Orange County no 91 1 sys tern present ly  
ex is ts .  Therefore a system model can provide an a1 ternate  
t o  experimenting w i t h  a r e a l  system. A s imula t ion model can eas i l y  be 
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modified t o  analyze the e f f e c t  o f  a l t e rna te  plans wi thout  any r i s k  t o  
the real system performance i n the  case where a system ex i s t s  . It a1 so 
requires less  manpower and therefore  cost  1 ess s ince the manpower i n  
the real system i s  no t  af fected.  
The primary ob jec t i ve  o f  the p r o j e c t  i s  t o  develop computer 
s imula t ion models o f  .two poss ib le  conf igurat ions f o r  an Orange County 
91 1 system. These models a re  compared w i  t h  two s t a t i c  models developed 
by the F lo r ida  Department o f  General Services D i v i s i on  o f  comun ica t i  ons . 
The va l ida ted  computer s imula t ion models o f f e r  the advantage o f  f l ex -  
i b i l i t y  over s t a t i c  models i n  t h a t  a1 ternate  plans may be invest igated 
much more easi ly. 
Evaluat ion by Simulat ion Model 
Since the 911 system i s  dynamic i n  almost a1 1 i t s  variables, a 
computer s imula t ion model i s  i dea l  f o r  p red i c t i ng  the possib le outputs 
t o  it. The premise f o r  b u i l d i n g  a s imula t ion model i s  t h a t  you de f ine  
an analogous mathematical and l o g i c a l  r e l a t i onsh ip  expression whi ch i s  
s i m i l a r  i n  proper t ies  t o  the physical  system you are  dup l ica t ing.  I n  
the case o f  the 911 system, t ime  i s  the  independent va r iab le  i n  the 
model. A computer model al lows observat ion o f  the  behavior o f  the  
system as computer t ime elapses. The model al lows f o r  observat ion of 
such cha rac te r i s t i c s  as length o f  queues over t ime i n  order t h a t  
parameters such as numbers o f  telephone l i n e s  o r  operator s t a f f i n g  
might  be adjusted t o  g ive  the  most opt imal ove ra l l  response t ime t o  
the information f l ow  through . the model. 
The nature o f  the  emergency telephone system i s  such t h a t  ce r t a i n  
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inputs t o  the system are o f  a random nature. This i s  t rue  o f  the c a l l  
volume i n t o  the system. The t iming o f  c i t i zens '  complaint ca l l s  i s  
inherent ly  o f  a random nature. For t h i s  reason IBM's General Purpose 
'r 
Simulation System (GPSS) was chosen t o  model the system. GPSS lends 
i t s e l f  t o  the random nature o f  modeled systems i n  t h a t  random number 
functions are charac te r is t i c  o f  the language. For i nstance the spread 
o f  incoming c a l l s  can be c lose ly  approximated by random sampling from 
the Poisson d i s t r i bu t i on .  I n  addi t ion GPSS i s  more compact than pro- 
cedural languages. It takes fewer statements than would a procedural 
language. The language has b u i l t  i n t o  i t  a simulat ion clock which f i t s  
the requirements o f  modeling a 91 1 telephone.system over time. The 
reasons f o r  using a mathematical s imulat ion t o  study the 911 system 
can be summarized as fo l lows : 
(1) As a t&l t o  fam i l i a r i ze  cognizant administrators w i t h  
an operating s i t u a t i o n  which may as y e t  not  e x i s t  i n  
real l i f e ;  
(2) As a means o f  learn ing about the system i n  order t h a t  
they may want t o  re-design it; 
(3)  For v e r i f i c a t i o n  o r  demonstration o f  a proposed approach 
t o  a system; 
(4) For purposes of experimenting o r  evaluation t o  predi c t  
the consequences of a change i n  pol icy ,  i .e., 91 1 center 
location, condi t ions o r  methods without havi ng t o  extend 
the resources or take the r i s k  o f  ac tua l l y  changing the 
real system; 
( 5 )  As a  means f o r  p r o j e c t i n g  i n t o  the  f u t u r e  t o  provide 
q u a n t i t a t i v e  bases f o r  p l  anni ng. For instance p ro jec ted  
popu la t ion  f i gu res  can be r e l a t e d  t o  new operator  
s t a f f i n g  requ i  remen t s  . 
I n  a d d i t i o n  t o  these reasons, analys is  t ime i s  a l so  a fac to r .  I n  
the case of the  911 system computer s imulat ion,  an ana lys is  o f  an 
alternate configuration simulated over a seven day week can be accwnpl- 
i shed w i t h  a  computer r un  t h a t  l a s t s  approximately seven minutes. This 
simp1 i f i e s  the  task  o f  eva luat ing  many a1 te rna te  conf igura t ions .  
F i n a l l y  j u s t  t h e  exerc ise o f  modeling a  physical  system can 
improve o u r  unders tand i  ng o f  the  behavi o r  charac ter is  t i c s  more e f f e c t i  ve l y  
than observing t he  r ea l  system. 
Objec t i  ves and Bene f i t s  o f  P ro j ec t  
The pr imary ob jec t i ve  o f  t h i s  p r o j e c t  i s  t o  develop a  dynamic 
computer s imu la t ion  model of a  system t h a t  has been modeled s t a t i c a l l y .  
Results o f  bo th  models would be obta ined t o  check t h e i r  v a l i d i t y  and 
the va l i da ted  models used t o  s imulate two poss ib le  Orange County con- 
f i g u r a t i  ons . The resu l  ts o f  each con f i  gu ra t ion  cou ld  then be compared 
t o  the o the r  t o  i d e n t i f y  the  bene f i t s  o f  implementing one over the  other .  
Since the  u l t i m a t e  measure o f  a  91 1  system con f igu ra t ion ' s  performance 
would be response time, add i t i ona l  s imula t ions  could be run, vary ing  
the  resources o f  the model, i.e., numbers o f  operators and telephone 
1 ines, t o  determine what would be requ i red  t o  equal ize the  response 
t ime o f  the  models. 
The f u t u r e  bene f i t s  o f  the p r o j e c t  can be r e a l i z e d  by employing 
the computer model t o  p ro jec t  f u t u r e  needs o f  the 91 1 system t h a t  i s  t o  
be implemented. It can be invaluable as a management t oo l  i n  p red i c t i ng  
required resources as a func t ion  o f  populat ion pro jec t ions f o r  Orange 
County. These resource pred ic t ions can then be converted t o  d o l l a r s  f o r  
budgeting purposes i n  any time frame t h a t  i s  required. 
Another b e n e f i t  o f  t h i s  p r o j e c t  i s  t h a t  techniques developed i n  
designing the Orange County model could be appl ied t o  o ther  regions tha t  
have o r  are considering 911 systems f o r  planning purposes. 
S umma ry 
Since there i s  present ly  no 911 system i n  existence i n  Orange 
County, the mdels developed i n  t h i s  p ro jec t  were based on operat ional  
methods sugges ted by the F lo r ida  Department o f  General Serv i  ces Orange 
County study. This does n o t  necessar i ly  mean t h a t  any o r  a l l  of these 
methods might be implemented, only t h a t  a s e n s i t i v i t y  analys is o f  the 
outputs o f  the possib le model conf igura t ions was performed by vary ing 
the random var iab les  o f  the  system design. 
There are f i v e  primary conclusions made as a r e s u l t  o f  t h i s  pro jec t .  
(1) The computer s imula t ion runs u t i l i z i n g  the s t a f f i n g  l eve l s  
recommended i n  the  de te rmin is t i c  model (Table 3) ind ica ted  t h a t  the 
spec i f i ed  performance requirements f o r  grades o f  serv ice were met. This 
confirmed the v a l i d i t y  of us ing the Orange County s h i f t  loading fac to rs  
instead of the Broward County fac to rs  (Table 2) i n  the de te rmin is t i c  
model. The n e t  r e s u l t  i s  t h a t  one less operator i s  requ i red on t h i r d  
s h i f t  a t  both the  OPD and S h e r i f f ' s  Department. 
(2) There was a good c o r r e l a t i o n  o f  c i  ti zen 's response t ime between 
the deterministic and computer s imula t ion models when the di f ferences i n  
the delay times elements are considered. 
(3) S e n s i t i v i t y  analyses u t i l i z i n g  the computer simulat ion models 
showed t h a t  the grades of service could be optimized however, the addition- 
a l  resources requf red spec i f i ca l  ly operators, probably would no t  j u s t i f y  
implementation. 
(4) A comparison o f  the t3-t8 response times between Configuration 
I and I1 f o r  the OPD and S h e r i f f ' s  Department d i rected c a l l s  shows t h a t  
Configuration I r  i s  d e f i n i t e l y  b e t t e r  f o r  the c i t i zens  of Orlando. 
(5)  The computer simulat ion models developed i n  t h i s  p ro jec t  are 
a v a l i d  approxjmation o f  possible Orange County 91 1 System configurations . 
Cornpari son t o  De termi n i  s t  i c Model 
Simulated seven day computer runs were made o f  each o f  the con- 
f i gurations model ed f o r  Orange County . u t i  1 i z i  ng the operator s t a f f  i ng 
1 eve1 s cal cula ted i n the Orange County study . The resul  t s  o f  these runs 
are shown i n  Table 15. Note t h a t  only the manning leve ls  o f  the Orange 
County Sher i f f ' s  Department and Or1 ando Pol i ce Department operators are 
shown. The rem inde r  o f  the agencies e i t h e r  were dispatched f r o m  these 
two centers o r  had c a l l  volumes that were too low t o  j u s t i f y  more than 
one operator or telephone 1 ine. These s ing le  1 i.ne/operator agencies were 
designed i n t o  the models w i t h  only t h e i r  delay times i n  order t ha t  proper 
loading would be seen by the 91 1 center(s) . Therefore there were no 
ro ta r i es  or operator se lec t  modules used f o r  .these law volume agencies. 
In analyzing Table 15, i t  must be considered t h a t  the model was de- 
signed w i t h  a riq time funct ion t h a t  met the spec i f ied grade o f  service, 
which 1s t h a t  90 percent or b e t t e r  o f  the c a l l s  are answered i n  less than 
10 seccnds. Therefore, the c a l l  hold queues need examination t o  determine 
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f f  c r i t e r i a  i s  being met. I n  Table 15 i t  can be seen t h a t  the ca l l - ho ld  
r a t i o s  f o r  each conf igura t ion are  much less than the 0.1 requirement. 
The c i t i z e n ' s  response time shown i s  the cumulative average o f  a l l  
emergency c a l l s  t o  Orange County agencies by the c i  ti zens o f  on ly  
Orange County. This average excludes c a l l  . r e f e r r a l s  and out o f  county . 
d i rec ted  c a l l s .  This s t a t i s t i c  i s  e f f e c t i v e l y  the t3 t o  tg time 
i d e n t i f i e d  on the event sequence cha r t  i n  Sect ion l (F i gu re  1). The 
d i f fe rence  between the s imula t ion resu l t s  and the Sta te  o f  FlorSda 
Orange County study ( F lo r ida  Department o f  General Services) results 
i s  p a r t i a l l y  explained by two fac ts .  The f i r s t  being t h a t  the ring 
down t ime mean used i n  the Orange County study was 10 seconds. The 
s imula t ion used a mean o f  3 seconds wi th 90 percent or more o f  the calls 
being answered i n  less  than 10 seconds. The ana lys t  appi~~mtly  chose 
the worst case f i g u r e  f o r  h i s  analys is which w i l l  e f fec t ive ly .  add 7 
seconds t o  a l l  c a l l s  tabulated i n  CITZR and another 7 seconds i n  the  
c a l l s  t rans fe r red  which w i  11 r e f l e c t  t o  some degree i n  the t o t a l  
average. The second p a r t  of the di f ference i s  explained by the f a c t  
t h a t  the Orange County study decided t o  t r e a t  the operator handl ing 
t ime as one e n t i t y  , i .e., 80 seconds mean, whi l e  i n  t h i  s research the 
models broke t h i s  t ime per iod  down i n t o  two components. These two 
components were: (1) t ime on phone, and (2)  t ime f o r  add i t i ona l  
information gather ing f o r  the dispatcher. This was necessary i n  order 
t h a t  telephone l i n e  loading might be analyzed. I n  the s imula t ion 
these two t ime periods were assigned mean values o f  60 and 15 seconds, 
respedt ively,  which w i l l  y i e l d  a mean operator handl ing t ime of 75 
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seconds and a difference of 5 seconds from the Florida Orange County 
study (Department of General Services, p.5). For these reasons i t  i s  
more - meaningful to compare the citizen's response times between 
configuration's I and I1 which show a difference of 5 and 3 seconds 
for the Florida Orange County study and computer simulations , respect- 
i vely . 
The average time per hold s t a t i s t i c i n  Table 15 i s  an average for 
only those calls that had t o  be p u t  on hold. I t  can be seen from 
Table 15 that  as far as the overall citizen's response time i s  con- 
cerned there i s  very l i t t l e  difference between the two configurations. 
However, i f  the t3 - t8 response time for the County law enforcement 
and Orlando Police Department directed calls are compared, there is  a 
larger differential. Table 16 summarizes these times. 
TABLE 16 
OfkANDO/COUNTY LAW ENFORCEMENT RES PONSE TIMES 
-- 
Sher i f f ' s  Department Orlando Pol ice  Dept. 
Conf i gura ti on (CST 38) (OPT 38) 
78.4 seconds 101.3 seconds 
79.3 seconds 82.7 seconds 
This difference i s  due t o  the f a c t  that i n  configuration I ,  a l l  
Orlando Police calls were transferred. The s ta t is t ics  collected for 
the simulations of these two configurations are shown both i n  graphical 
and tabular form i n  appendices 9 and 10. 
Optimal Conf igurat ion 
Once the models o f  the  two conf igurat ions were val idated, i t  was 
possib le t o  use them t o  analyze the  r e s u l t s  o f  a1 ternate  resource 
appl icat ions.  Table 17 summarizes the con f igu ra t ion  I c i t i z e n  response 
times and o ther  loading fac to rs  f o r  several s imulat ions w i t h  d i f f e r e n t  
operator manning leve ls .  For these runs the telephone l i n e  s i z i n g  
var iables are  1 e f t  the same. The i r  values were picked t o  provide P.O1 
o r  b e t t e r  grade o f  serv ice f o r  a1 1 runs. The on ly  s t a t i s  ti c recorded 
i s  the actual number o f  l i n e s  used a t  any one time dur ing the seven 
day s imulat ion.  The operator s t a f f i n g  l e v e l s  f o r  each succeeding run 
were determined by examining the proceeding run. The model has the 
feature  o f  being ab le  t o  generate output  s t a t i s t i c s  both i n  tabu lar  
and graphical form (see appendix 9) t h a t  i d e n t i f y  the number o f  c a l l s  
t h a t  were pu t  on ho ld  f o r  any hour o f  the simulat ion. This informat ion 
was used t o  decide which s h i f t  mod i f i ca t ion  might most effect  the  
model's load ing fac tors .  Analysis o f  the r e s u l t s  o f  the s i x  runs o f  
conf igurat ion I (Table 17) ind ica ted  t h a t  on ly  run #2 f a i l e d  t o  meet 
the operator grade o f  serv ice.  It might a lso be noted t h a t  i f  the 
average ho ld  t ime f o r  a1 1 t ransact ions passing through the queues were 
considered ins tead of on ly  the non- zero en t r i es  , the times woul d be 
less  than 1 second f o r  a l l  the  runs whose manning l eve l s  were greater  
than o r  equal t o  t h e  i n i t i a l -  manning estimates. I t  i s  obvious f r o m  
these resu l  t s  t h a t  the c i t i z e n ' s  response t ime i s  n o t  l a rge l y  a f fec ted  
by the increas ing manning leve ls .  I n  f a c t  i t  would eventual l y  l e v e l  
ou t  when the grade o f  performance f o r  both the County 911 center and 
or1 ando Pol i c e  Department queues reached P.OOO. Thi s would be achieved 
by increasing the manning leve ls  such t h a t  no c a l l s  would ever be put  
on hold by e i t h e r  center. However, a t t a in ing  t h i s  leve l  o f  performance 
would .be unnecessarily extravagant w i t h  respect t o  resources. Note 
tha t  i f  the holds per hour o f  run #1 are examined, t h i r d  s h i f t  a t  the 
Sher i f f ' s  Department 91 1 center has a greater number o f  holds than 
does f i r s t  o r  second s h i f t .  It would seem desirable t o  add an operator 
on t h i s  s h i f t .  Run #5 (Table 18) shows the resu l ts  o f  adding a fourth 
operator t o  the County 91 1 center t h i r d  shi ft. The grade of perfor- 
mance i s  almost ha1 f t h a t  of run #1 w i  t h  t h i  s addit ion. Run #6 shows 
the resut t s  o f  adding an ex t ra  operator on the f i r s t  and t h i r d  s h i f t  
a t  the County 911 Center and the f i r s t  s h i f t  a t  the Orlando Police 
Department. These addi ti ons essenti a1 ly m i  nimi zed and equal 1 zed the 
holds per hour f o r  th'ese centers. 
Other Results 
The simulat ion runs made w i  t h  the two models were p r imar i l y  
d i rected a t  an analysis o f  the S h e r i f f ' s  Department and Orlando Pol ice 
Department resource a1 1 ocations. The other agencies involved i n  the 
system design were included i n  the model t o  provide the proper loading 
character is t ics  t o  the model (s )  . The only exception t o  t h i s  was the 
Or1 ando F i r e  department, where busy hour c a l l  volume jus ti f led desi gni ng 
telephone 1 ine  and operator queues i n t o  the model. However, s t a t i s t i c s  
were co l lec ted  on a1 1 o f  the agencies considered i n  the design. 
Quant i t ies  such as number o f  -cat Is received and mean agency response 
time were col lected.  Tables 19 and 20 sumnarize these s t a t i s t i c s  f o r  
TABLE 17 
CONFIGURATION I VARIATION OF OPERATOR STAFF1 NG-RESULTS 
a ~ h i s  s t a t i s t i c  i s  the  $ AVERAGE TIE/TRANS f o r  queue HOLD 1. 






















Time/ljold ( ~ e c s )  










Leve l s 
Or1 ando Pol i ce 
Department 
S h i f t  ' . 
1 2 3  
1 3 2  
1 3 2  
2 4 3  
1 2 1  
1 3 2  






















91 1 Center 
S h i f t  
OPD Trans 

























2 5  
1 4  
2 5  
2 5  
2 5  
3 5  



















































































CONFIGURATION I AGENCY STATISTICS 
a~atio i s  calculated by dividing total calls to a political jurisdiction 





















'~cron~m f o r  program tab1 e function. Defined appendix 9. 
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1 1  
TABLE 20 
CONFIGURATION I I AGENCY STATISTICS , 
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the three jur isd ic tSona1 areas of each conf igura t ion.  For con f i  gu ra t i  on 
I a r a t i o  o f  the c a l l s  t o  a p o l i t i c a l  j u r i s d i c t i o n  (municipal, unincor- 
porated, o r  Orlando) w i t h  respect t o  the t o t a l  of emergency c a l l s  
received were ca lcu la ted t o  va l i da te  the j u r i s d i c t i o n a l  d i s t r i b u t i o n  
funct ion used i n  the model. Note t h a t  the r a t i o s  ca lcu la ted agree 
c lose ly  w i t h  the  r a t i o s  determined by populat ion d i s t r i b u t i  on as shown 
i n  Sect ion 111. Addi t iona l ly ,  i t  can be seen from the t3 - tg times 
i n  Table 19 t h a t  they are  dependent on the operat ional  method chosen 
f o r  the agency. The p o l i c e  and f i r e  times f o r  Orlando and the municipal 
agencies r e f l e c t  the  ex t ra  23 seconds mean time requ i red t o  t r ans fe r  
the c a l l  ins tead o f  r e l ay ing  it. 
The agency s t a t i s t i c s  f o r  Conf igurat ion I1 are shown i n  Table 20. 
Concl us i ons 
The two computer s imula t ion models developed i n  t h i s  p r o j e c t  
provided resul  t s  that  concurred w i  t h  the F lo r i da  Department o f  General 
Servi  ces Orange County study . The speci f i ed performance requi remen t s  
w i t h  respect t o  the ca lcu la ted  manning l eve l s  were met by the computer 
models. A1 though a d i r e c t  comparison o f  c i t i z e n  response times could 
no t  be made due t o  the d i f fe rences i n  t he  i n p u t  t ime delay parameters, 
t h i s  s t a t i s t i c  i s  s t i l l  v a l i d  i f  the model(s) are  used t o  evaluate 
a l t e rna te  operat ional  methods on a r e l a t i v e  basis. I n  add i t i on  t o  
t h i s  output, the model (s)  provide s t a t i s t i c s  on many aspects of the 
911 system design. Analysis o f  such design e n t i t i e s  as operator 
u t i l i z a t i o n  and telephone l i n e  u t i l i z a t i o n  can be made by examining 
' the graphical outputs o f  these funct ions provided i n  the s imula t ion 
run outputs. Appendices 9 and 10 contain the s t a t i s t i c a l  outputs o f  
the s imulat ion runs made w i th  the operator manning leve ls  i d e n t i f i e d  i n  
the F lor ida Department o f  General Services Orange County study. 
Suggestions For Future Work 
As stated ea r l i e r ,  the models were designed without queues and 
l ine/operator select modules f o r  the low c a l l  volume agencies. However, 
if the projected population increases f o r  Orange County were suf f ic ient  
enough t o  indicate increases i n  c a l l  volumes t o  any of these agencies, 
the appropriate modules for  hand1 i n g  mu1 ti p l e  telephone l ines and 
operators could then be added t o  the model. 
Exact d i s t r i bu t i ons  o f  the closed form Chi-Squared funct ion are 
used i n  these models. Their  means are approximations based on non- 
empir ical observations by the analysts t h a t  authored the Stanford 
Research Ins ti t u t e  and Flor ida Department o f  General Servi ces 91 1 sys tern 
reports. A more exact model could be generated i f  a time study analysis 
of the delay elements was made. This could be accomplished by observing 
and gathering empir ical data on 91 1 systems already i n  existence i n  
the county. Once the Orange County 911 system i s  implemented, data 
could be co l lec ted on i t s  t i m e  delay elements and b u i l t  i n t o  the model. 
If i t  turns out  t h a t  more complex mathematical expressions are required 
to  describe the more exact time delay functions, GPSS has avai lab le  the 
capabi 1 i t y  of using FORTRAN subrouti  nes f o r  t h i  s purpose. 
F ina l ly ,  once the decision i s  made on which conf igurat ion and 
operational methods are t o  be implemented i n  Orange County f o r  a l l  the 
pub l i c  service agencies, an exact model can be designed by modifying 
either o f  t h i s  project 's model's t o  reflect the actual system. 
APPENDIX .+I : 
ORANGE COUNTY OPERATOR 
STAFF1 NG CALCULATIONS 
CONFIGURATION I 
S h e r i f f ' s  Department 
Number o f  operators i s  dependent on the number o f  busy hour c a l l s  
handled t o  completion by t he  center. This includes a l l  c a l l s  o r i g i na t -  
i n g  w i t h i n  the county telephone systems and those t ransfer red by ou t  
of county systems. 
Ca l l s  handled t o  completion i nclude: 
County Law Enforcement 
County F i r e  
County EMS 
County Other 
Muni c i  pa l  EMS 
Orlando EMS 
Municipal Other 
Or1 ando Other 
Cal ls  Transferred: 
Orlando Po l i ce  
h n i  c i  pa 1': p o l  i c e  
Out of County 
Orlando F i r e  
Muni c i  pa l  F i r e  
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a ~ u r i s d i c t i o n  f r ac t i ons  computed i n Sect ion V - Popul ation/boundary 
dependent 
b ~ y p e  f rac t ions  def ined i n  Sect ion V 
CONFIGURATION I 
- 
1.0 Cal ls  handled by s h e r i f f ' s  911 center:  
1.1 Busy hour c a l l s :  
Adjusted t o t a l  county populati on = 495,966 
495,966 x 3.0 = 1,488 ca l l s lday  1,000 
1,488 x .I5 = 223 busy hour ca l l  s 
1 .2  Referred c a l l  s = (225) x ( - 5 )  = 11 
1.3 O u t  of county c a l l s  = (223 - 111) x (.01) = 1.12 = 1.0 
1.4 Completed c a l l s :  
County Law Enforcement 111 x .493 = 54.7 = 55.0 
County Fire 111 x -0522 = 5.79 = 6.0 
County EMS 111 x .029 = 3.219 = 3.0 
t 
County Other 111 x .0058 = .6438 = 1.0 
Municipal EMS 111 x -0065 = .7215 - 1.0 
Orlando EMS 
Municipal Other 
Or1 ando Other 111 x .0028 = .3108 = 0.0 
Completed Calls- 68.0 
1.5 Calls t rans fe r red  by Sher i f f  Is 91 1 Center: 
Or1 ando. Pol i c e  
Muni c i  pal Pol i ce 
Orlando Fire 
Muni ci pal F i  re 111 x .0117 = 1.29 = 1.0 
Transferred Call s = 43.0 
Calls  handled t o  completion = 112 - 43 = 69 
CON FI GURATI ON I 
2.0 Calls transferred t o  County 91 1 center from out of county te le -  
phone exchanges overlapping i n t o  Orange County: 
Calls = O u t  Population x 3.0 x . I5 x .5 (Referred) 
- - 14,835 x 3.0 x . I5 x .5 = 3.33 = 3.0 ca l l s  transferred 
1,000 
County Law Enforcement 3.33 x .85 =-2.84 = 3.0 
County Fire 
County EMS 
County Other 3.33 x .01 = .03 = - 0 
Total 3 
3.0 Grand total of c a l l s  handled t o  completion: 
= 6 9 + 3 = 7 2  
4.0 Operator s ta f f ing  calculations 
4.1 Total ca l l  time during busy hour 
111 x 20 secs = 2,220 
!43 x 30 secs = 1,290 
72 x 80 sees = - 5 760 
9,270 seconds 
4.2 Average ca l l  length 
L = 270 = 41 dl76 seconds 226 
4.3 Number of 911 busy hour operators from Operator Capacity 
Table (Appendix 2) 
= 5 operators 
CONFIGURATION I 
4.4 Cal l  volumes per s h i f t  ' 
Assume s h i f t s  as fo l lows:  
1 s t  S h i f t  
2nd S h i f t  0700 - 1500 
3 rd  S h i f t  1500 - 2300 
from Orange County 911 c a l l  survey taken dur ing the week o f  
5-11 January 1975, the  fo l low ing  c a l l  volumes were recorded: 
2300 - 0700 201 7 15% 
1500 - 2300 4447 - 33% 
13,486 100% Total  
Therefore, the loading per s h i f t  f o r  Orange County i s :  
1 s t  s h i f t  15% 
2nd s h i f t  52% 
3rd s h i f t  33% 
4.5 Total  s h i f t  f o r  one 24-hour period: 
Since the number o f  busy hour operators i s  5, whi ch i s  52% 
o f  the t o t a l  s h i f t  
5 -
.52 = 9.6 = 10.0 operators t o t a l  f o r  2nd s h i f t  
. I5 x 10 = 2 1 s t  s h i f t  
.33 x 10 = 3 3rd s h i f t  
4.6 Total  weekly s t a f f i n g :  10 x 7 = 70 shi  f ts lweek 
'560 - 14 40-hour pos i t ions 70 x 8 = 560 hourslweek -41) 
- 14m0 = 16 pos i t ions + 1 supervisor .869 
( e f f i  c i  ency f ac to r )  
CONFIGURATION I 
5.0 City of Orlando Police Department s ta f f ing  
5.1 Transfer c a l l s  from County 911 center: 
Calls = Clty of Orlando population 
1,000 x 3.0 x -15 x .85 x .5 
T l a w  enforcement 
140s922 x 3.0 x .15 x .85 x . 5  = 26.95 busy hour c a l l s  =-TJxm 
5.2 Average ca l l  length computation: 
Total ca l l  time 
27 x 80 seconds = 2160 seconds 
Average = 80 seconds 
5.3 Number o f  busy hour operators from Operator Capacity Table 
(Appendlx 2) :  
Operators = 3  
5.4 Total 24 hour personnel required: 
3 / 3 2  = 6.0 to ta l  positions f o r  2nd s h i f t  
6.0 x .15 = llst s h i f t  
6.0 x .33 = 2 3rd s h i f t  
5.5 Total weekly s taff ing:  
6.0 positions/24 hours x 7 days = 42 shiftslweek 
42 shifts/week x 8 hours/shift = 336 hourslweek 
336 hours/week/40 hours/position = 8.4 40-hour positions 
8.4 
.869 Efficiency Factor = 10 posit ions No supervi sors 
CONFIGURATION I 
6.0 City of Orlando Fire Department s ta f f ing  
6.1 Transfer c a l l s  from County 911 center: 
C i  ty of Or1 ando Popul a ti on 
Calls = 1,000 = x 3.0 x .I5 x .09 x .5 
140,922 
= "1,000 = x 3.0 x .I5 x .09 x .5 = 2.85 busy hour c a l l s  
6.2 Average ca l l  length is 80 seconds 
6.3 Number o f  busy hour operators from Operator Capacity Table 
(Appendix 2)  
Operators = 1.0 
6.4 24- hour personnel requi red : 
1.0/.52 1 s t  s h i f t  loading fac tor  = 2.0 = 3.0 for  three 
s h i f t  coverage 
6.5 3.0 positions/24 hours x 7 days = 21 shift/week 
168 hours/week i 40 hours/position = 4.2 @-hour positions 
4.2 i .869 efficiency factor2 = 4.8 = 5 positions + pg 
supervisors 
7.0 Municipal Police Department s t a f f ing  
7.1 Transfer c a l l s  from County 911 center: 
Municipal population 
Calls = 1,000 = x 3 x .I5 x .85 x .5 . 
Calls = 64'843 = x 3 x . I5  x -85 x .5 = 12.4 busy hour 1,000 
ca l l s  
CONFIGURATION I 
7.2 Average ca l l  length is 80 seconds 
7.3 Number o f  busy hour operators from Operator Capaci t y  Table 
(Appendix 2)  
Operators = 2 
7.4 24 hour positions required: 
2.0/.52 = 3.8 = 4 to ta l  
7.5 4 pos5tions/24 hours x 7 days = 28 shifts/week 
28 shlftslweek x 8 hours/shift = 224 hours/week 
224 hours/week t 40 hours/position = 5.6 6 positions 
no supervisors 
5.6 positions t .869 efficiency factor  = 6.44 
8.0 Municipal Fire Department s ta f f ing  
8.1 TransTer c a l l s  from County 911 center: 
Munjcipal population , , 3 x f i re  r a t i o  Calls = isOOO 
64*843 = x 3 x .15 x .5 x .09 = 1.3 busy hour c a l l s  =m 
8.2 Average ca l l  length is 80 seconds 
8.3 Number of busy hour operators from Operator Capacity Table 
(Appendix 2 )  
Operators = 1 
.8.4 I Personnel required f o r  24 hour period: 
1.0 a .52 =: 2.0 = 3 f o r  24 hour 
3 s h i f t  coverage 
8.5 3 positions/24 hours x 7 days = 21 shifts/week 
168 hours/week + 40 hours/position = 4.2 40-hour positions 
4.2 t .869 efficiency fac tor  = 4.8 = 5 positions 
I no supervi sor  
1 .O County 911 Center calls handled 
1.1 The County 911 Center is co-located w i t h  the sheriff 's 
department's dispatchers. The call s handled t o  completion 











1.2 The calls transferred include: 
Orlando Police . 06 
Orlando Fire . 06 
Municipal Police .I8 
Muni c l  pal Fi  re .18 







1 ( a l l )  .01 
2;OOrlando 911 Center calls handled: 
2.1 T-wiig-~---the~-.- The C i  ty o f  Or1 ando' - o . -911 answerCng--mp~~wt-Ft--b-rm-J~ocated 
l a 1 nt., - e ~ ~ :  
T h + u - s - M a L s  ,a. - 
DISTRIBUTION OF TOTAL 
JURISDICTf OM TYPE RATIO 
1) Orlando Police .85 
2.2 The call s transferred include: 
Sheriff .15 
County Fire I. 15 
County Ems .I5 
County Other .15 
Orlando Fire .85 
Orlando Ems .85 
Or1 ando Other -85 
CONFIGURATION I I 
3.0 County 911 Center Operator Staffing 
3.1 Busy hour cal ls :  
(Adjusted toal county population) - (Main & Colonial C.O. 
population) 
355s966 x 3.0 = 1067.9 cal ls/day 1IoO 
1068 callslday x .15 busy hour ra t io  = 160 busy hour ca l l s  
3.2 Referred ca l ls :  
160 busy hour ca l l s  x .5 (referral  rate)  = 80 referred ca l ls  
3.3 Out  o f  county transfer: 
(160 busy hour ca l l s  - 80 referred ca l l s )  x -01 = 0 .8=1 .0  
Handled ca l l s  = 160-80-1 = 79 






Muni clpal Other 
Orlando Ems 
Or1 ando Other 
a~ defined i n  1.1 
3.5 Transferred call  s : 
Or1 ando Pol i ce 
Orlando Fire 
Muni e l  pal Pol ice 
Municipal Fire 
79 x R: = 50.0 
79 x Ra = 5.0 
79 x R = 3.0 
79 x R: = 1.0 
79 x R = 1.0 
7 9 x R a =  0.0 
7 9 x R a =  0.0 
7 9 x ~ ~ =  -0.0 
Total = 60.0 
b 79 x Rb = 4.0 
7 9 x R b =  0.0 
79 X Rb = 12.0 
79 x R = 1.0 -
Total = 17.0 
b~ defined i n  1.2 
CONFIGURATION I1 
3.6 Transfer from adjacent County 911 centers 
Out population x 3. 0 x . 5  (referred) = - 1,000 - +-. r +  - 
14s835 x 3.0 x .5 = 22.25 calls/day .1,00Q7 . 
22.25 cal ls/day x .15 = busy hour cal l  s 
= 3.34 -t 3.0 ca l l s  transferred 
3.7 Transfer ca l fs  from Orlando 911 center 
Calls/day = County population trunked t o  Orlando x 3.0 
1,000 
Non-referred cal l  s 
Callslday x . 5  = 30.23 
Busy-hour cal l  s 
Non-referred calls/day x .15 = 4.53 
Busy-hour call s t o  County 911 center ( sher i f f )  
Busy-hour cal ls/day x .85 = 4.53 x .85 = 4.0 
3.8 Busy-hour cal l  distribution 
Transferred calls = w i t h i n  county + out county 
= 17.0 + 1.0 = 18.0 
Completed ca l l s  = 80 - 18.0 = 62.0 (assume worst case) 
Referred cal Is = 80.0 
Transfer c a l l s  into county = 3.0 (will be completed) 
Transfer from Orlando 911 center = 4.0 (will be completed) 
CONFIGURATION I I 
410 Total ca l l  time during busy hour: 
Transferred ca l l  s : 18.0 x 30 secs. = 540. 5 
Completed ca l l s :  69.0 x 80 secs. = 5520 
Referred ca l l s :  80-0 x 20 secs. = - 1600 
167 c a l l s  7660 seconds to ta l  
4.1 Average c a l l  length: 
7660 ACL = 16f = 45. 87 seconds 
4.2 Number of 911 busy hour operators from Operator Capacity 
Table (Appendix 2)  
167 c a l l s  a t  45.87 seconds = 5 operators f o r  the busy hour 
s h i f t ,  which is 2nd s h i f t .  
4.3 Total s h i f t  s taff ing:  
Since the loading per s h i f t  is 
- 1 0 . 0  to t a l  operators =  
Operators by s h i f t  are:  
-5.0 Orlando 911 Center Operator Staffing 
5.1 Busy hour ca l l s :  
140,000 Main & Colonial population , 300 , , 1 000Callslday = 
Busy hour c a l l s  = calls/day x -15 = 63 
5.2 Referred cal ls : -  
Ref. c a l l s  = B.H.C. x e 5  = 31.5 = 31 
5.3 Calls handled t o  completion: 
Total busu- hour ca l l  s - referred ca l l  s = emergency ca l l  s 
-.7;kl i n  busy hour 
63 - 31 = 32 busy hour emergency c a l l s  
Or1 ando Pol ice  32 x R' = 23.0 (23.12) Total 
g-;;; >,>- - :."-?p> b2 d,
"-L Defined i n  section 2.1 







Or1 ando Other 
32 x R~ = 4.0 (4.08) 
32 x R = 0.0 (0.43) 
32 x R = 0.0 (0.24) 
32 x R = 0.0 (0.05) 
32 x R = 2.0 (2.45) 
32 x R = 1.0 (1.36) 
32 x R = 0.0 (0.27) 
7.0 Total 
d ~ e f i n e d  i n  section 2.2 
5.5 Calls transferred from Orange County 911 Center due t o  over- 
1 ap i n  telephone exchanges from section 3.5, ca l l  s transferred 
t o  Orlando Pol ice i s  4 ( t o  be completed bv OPD 911 Center). 
5.6 Busy h o u r  c a l l  d i s t r ibu t ion ;  
Transferred c a l l s  = 7..0 
Referred ca l l  s = 31.0 
Completed c a l l s  = Main and Colonial c a l l s  + Unicorp 
c a l l s  
--, p ,I&* -:;*A<?-; !2%$ &,*"--. - t!*:l-r. ig + ;;.,a-.p 
5.7 Total c a l l  t i  
Transferred = 7.0 x 30 secs. = 210 
Referred = 31.0 x 20 secs. = 620 
rompleted = 29.0 x 80 secs. = 2320 p;k - -
gigt&- 67 calls  3150 seconds 
CONFIGURATION I1 
5.8 Average call length: 
3150 = 47-01 seconds ACL = -gg-- 
5.9 Nutnber o f  911 busy hour operators from Operator Capacity 
Table (Appendix 2)  
69 calls a t  47 seconds = 3 operators for 2nd s h i f t  
5.10 Total s h i f t  staffing: 
3.0 Total  operators = .= = 6.0 
Operators by shift  are: 
APPENDIX 2 
NUPJlf3ER OF 911 BUSY HOUR OPERATORS 
NUBER OF 91 1 BUSY HOUR OPERATORS 
1. The number o f  911 busy hour operators required to handle an 
estimated busy hour c a l l  volume has been ca lcu la ted using the Poisson 
queui ng theory equation g i  ven i n the Stanford Research Ins  ti tu te  repo r t  
t o  the  D i v i s i o n  o f  C o m n i c a t i o n s  e n t i t l e d  "911 i n  F lor ida:  A System 
Concept". Th is  equation i s  repeated i n  paragraph 3. The r e s u l t s  are  
shown i n  Table and are  p l o t t e d  i n  Figure . The equation does no t  
take i n t o  account operator wasted time between answering ca l l s .  If  
t h i s  information i s  ava i lab le  and can be expressed i n  increased c a l l  
length, the  tab1 e and f i g u r e  can be used accordi ngly. 
The r e s u l t s  i n d i c a t e  the number o f  operators required t o  handle 
a given busy hour c a l l  volume so t h a t  the  probabi 1 i t y  o f  a c a l l  e r  
having t o  w a i t  longer than 10 seconds i s  0.1 (10 percent). Or ,  i n  
o ther  words, during the busiest hour, 90 percent o f  the c a l l e r s  w i l l  
have t h e i r  c a l l s  answered i n  10 seconds (two r ings )  o r  less. This i s  
an operat ional  requirement o f  the statewide 91 1 sys tern concept. 
2. T h e b u t i l i - z a t i o n  o f  Table o r  Figure requires an estimate 
of the busy hour c a l l  volume and average c a l l  1 ength. Where the c a l l  
volume and c a l l  length  exceed the requirement f o r  n operators, the next 
h igher operator number should be used.. This w i  11 enable the se lec t ion  
t o  account f o r  any unknown amount o f  wasted time; fu r the r ,  the 
se lec t ion  o f  the smal ler  number would mean t h a t  the p r o b a b i l i t y  o f  the 
c a l l e r  having t o  w a i t  longer than 10 seconds would be greater  than 0.1. 
108 
3. The Poisson queuing equation used i s  as follows: 
Where: 
- 
P(>t) = the probability of having to wait longer than time 
t with a1 1 operators busy 
11 = reciprocal o f  average call length 
c = number o f  operators 
3600A = number of calls in busy hours 
Operati ona 1 Requi remen ts  : 
t = 10 seconds (ring-down time) 
P ( > t )  = 0.1 
TABLE 21 
OPERATOR CAPACITY TABLE 
* The number o f  operators required t o  service a given busy hour 
ca l l  volume o f  an average ca l l  length so t h a t  the probabi 1 i ty 
of a c a l l e r  having t o  wait longer than 10 seconds i s  0.1 (10%) 
i . e m ,  90% o f  the cal Is will be answered w i t h i n  10 seconds. 
No. of  * 











** s = seconds, m = minutes 
Does not include unavoidable wasted time whi ch e f f ec t i  vely 
increases call length. 
BUSY HOUR CALL VOLUME 


























































































20 30 40 5.0 60 70 80 
Average Call Leng th-Seconds 
Fig. 1 3 .  Plot of Operator Capacity Table 
ORANGE COUNTY 911 CALL SURVEY 
ORANGE COUNTY 911 CALL SURVEY 
Day, o f  Week: Jan. 5-11, 1975 
0200 135 153 34 322 
'0300 I 94 116 28 238 
0400 77 81 13 171 
I 
1::;: 65 42 8 115, 104 36 17 157 
0700 251 85 50 386 
0800 525 140 75 740 
I 
10900 646 179 46 87 1 
' 
1000 752 192 59 1,003 
1100 670 176 54 900 
1200 517 193 60 770 
1300 592 210 66 868 
1400 622 230 75 927 
1500 626 236 81 943 
1600 531 204 81 816 
1700 392 206 56 654 
1800 358 . 221 76 655 
1900 278 164 70 512 
2000 259 158 78 495 
2100 233 207 71 511 
2200 209 168 70 447 
2300 175 134 48 357 
2400 105 72 23 200 
TOTAL 8,397 3,787 1,302 13,486 
I 
APPENDIX 4 
TIME ELEMENT FUNCTIONS 
HISTOGRAMS AND CUMULATIVE DISTRIBUTIONS 
TABLE 22 
CHI SQUARED DISTRIBUTION (n=3) 
- - -  - -. - - -- 
SOURCE: Pearson, E. S.  and Hartley, H. 0. 1954. Biornetrika 
Tables fo r  S ta t is t i c ians ,  Vol . 1. Cambridge, England: Cambridge 
Uni versi ty Press. 
















































































(341 SQUARED DISTRIBUTI4lN (n=l5) 
SOURCE: Pearson, E.S., and Hart ley, H.O. 1954. BIometrika 
Tables f o r  S t a t i s t i c i a n s  , Val. 1. Cambridge, England: Cambridge 












































































. . . .  . . ..- 
Probability ( p )  1 Chi-Sq. (p)  IProbability (p) I Chi-Sq. (p )  
SOURCE: Pearson, E.S., and Hartley, H.O. 1954. Biometrika 
Tables for Statisticians, Vol. 1, Cambridge, England: Cambridge 
University Press. 
TABLE 25 
CHI SQUARED DISTRIBUTION (n=60) 
SOURCE: pearson, E m s w ,  and Hartley, H . O w  1954. Biometrika 
Tables for  S ta t i s t i c ians ,  Yo1 . 1. Cambridge, England: Cambridge 
Uni versi ty Press . 

























































































































































































































































































































































































LINE OM ROTARY 
SHERI FF ' S DEPARTMENT 
911 CENTER 
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APPENDIX 6 
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LINE ON ROTARY 
ORLANDO POLICE 
DEPT. 911 CENTER 
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CONFIGURATION I SIMULATION 
RUN OUTPUTS 
Input  Variables 
Tel ephone L i  nes : 
( 1  ) Sheri f f ' s Department 
(2) Orlando Police Department 
Operators : 
( 1  ) Sheri ff 's Department 
(2) Orlando Pol ice Department 
Population: 
Adjusted total county population (ATOTP) = 495,966 
184 
I n  add i t ion  to the nomal GPSS outputs such as FACILITY, QUEUE, 
and SAVEVALUE s t a t i s t i c s  , the Configurat ion I simulat ion model was 
programed t o  gfva. the fo l lowing tabular outputs : 
Program 
Acro1fp~m~ - - Tab1 e Descri p t i  on (Frequency D i  stri b@tlm,t5s ti cs) 
SPR&N s h e r i f f ' s  Dept. r i n g  down time 
OiWTMi OPD ri ng down t ime 
SLIME S h e r i f f ' s  Dept. trunk l i n e  usage 
OL f #iE OPD t ransfer  l i n e  usage 
CIRR C i t i  zen's response time (overa l l  ) 
CAWH Referred c a l l  s 
OCatL Out o f  county c a l l s  
**The fol lowing are the c i t i z e n  response times (t3-8) for  
individual agencies** 
County S h e r i f f  
County f i r e  
County EMS 
County other 
Or1 ando Po 7 i ce 
Orlando f i r e  
Orlando EMS 
Or1 ando other 
ntni c i  pal po 1 i ce 
Municipal f i re 
lrlunicipzll mS 
Municipal h o ther  































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































CONFIGURATION I1 SIMULATION 
RUN OUTPUTS 
Input Variables 
Tel ephone L i  nes : 
(1) S h e r i f f ' s  Department Trunk 
(2)  Orlando Pol ice  Department Trunk 
(3) Transfer Lines to  OPD 
(4) Transfer Lines to  S h e r i f f ' s  Dept. 
Operators : 
( 1 )  S h e r i f f ' s  Department 
(2)  Orlando Pol i c e  Department 
Population: 
(1) Adjusted to ta l  county population (ATOTP) = 495,966 
(2)  Adjusted Main and Colonial Central Of f ice  
Population (HACLP) = 140,000 
The Conffguratfon I1 simulation model was propranraed to provide 
outputs other than the standard GPSS FACILITY, QUEUE and SAVEVALUE 
statist ical  tables. The tabular outputs are as follows : 
Program 











Sheriff's Dept. r i n g  down time 
OPD r i n g  down time 
Sheriff's 911 center t r u n k  line usage 
OPD 911 center t r u n k  line usage 
Cat 1s transferred to OPD 
Calls transferred to the Sheriff's Dept. 
Citizen's response time 
County referred calls 
Or1 ando referred call s 
O u t  of county cal ls-  
**The following are the citizen response times (t3$ f o r  
individual agencies** 
Sheri ff 




Orlando f i r e  
Orlando EJS 
Orlando other 
Muni ci pal pol ice 
Huni c i  pal f i r e  
'Muni c i  pal EMS 
Municipal other 





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































* I ) * * * * *  
* * * * * a *  * * * * * * *  
O o 3 0 :  * * * * * *       
* a * * * * *  
* * * * * I ) *  
I ) * * * * * *  
,020 * * * * * * * * * * * * *  
a * * * * * *  
* I t * * * * *  
* * * * * * a  
*010 * * * * * * 
* * a * * * *  * * * * * * *  
a * * * * * *  * * * * * * *  
o O Q O  *************o**o**~*******u*****************e************************e*****************************u** 
OPWl OPYZ OPY3 O W 4  OPUS OPU6 OPY7 OPY8 
tND SHIFT 
ORLANOO POLICE DEPARTMENT 





SIMULATION MODEL RUNNING INSTRUCTIONS 
MODEL RUNNING I NSTRUCTI ONS 
-- -ooo--- 
The two computer s imula t ion models developed i n  t h i s  p ro jec t  are 
capable of being run w i t h  random var iables o ther  than those used i n  
the simulat ions run outputs shown i n  appendices 9 and 10. Since the 
telephone 1 i n e  and operator s t a f f i n g  e n t i  t i e s  o f  the models are  repre- 
sented by the GPSS ' F a c i l i t y ' ,  the number assigned t o  these f a c i l i t i e s  
w i  11 vary as the s i z i n g  o f  the telephone l i n e  and operator s t a f f i n g  i s  
changed i n  the data inputs. One o f  the features o f  the models i s  t h a t  
the  GPSS f a c i l i t y  number assignments are made automat ical ly  once the  
s i z i  ng pa r a m  te rs  are  entered . 
I n  the case o f  the three s h i f t  manning f o r  both the  S h e r i f f ' s  
Department and Orlando Po l i ce  Department, the number o f  operators 
assigned to  each s h i f t  i s  entered as a data var iab le  by use o f  the 
GPSS ' INITIAL ' statement . The program automati ca l  l y  ass i  gns f a c i  7 i ty 
numbers as a func t ion  o f  the s imulat ion hour. 
Hours: 1 - 8 1 s t  s h i f t  
9 -16 2nd s h i f t  
17 -24 3rd s h i f t  
' INITIAL' Statement 'SAVEVALUE ' Data 
S h e r i f f ' s  Dept. OPD 
X54 X57 
In order t h a t  the f a c i l i t y  number assignments can be made, 
functions had t o  be def ined t h a t  represented the lower and upper 
variables f o r  each s h i f t  and the t o t a l  number o f  operators f o r  each 
sh i f t .  The a lgor i thm i s  the same f o r  both the S h e r i f f ' s  Department 
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Or1 ando Pol ice Department o f  both configurations and i s  as fol7ows : 
( 1 )  Operators Per Shift 
Sheriff SHFOP FUNCTION Vj3HOUR ,D3 
8,X54/16 ,X55/24,X56 
where X54,X55, and X54 are the number of operators f o r  
shift 1 ,  2 & 3 respectively 
OPD - OPDOP FUNCTION VBHOUR,D3 
8,X57/16,X58/24,X59 
where X57, X58, and X59 are the number of operators for 
s h f f t s  1, 2 & 3 respectively 
(2) Lower end of faci 1 i ty number variable range 
Sheriff SLW FUN CT I ON VSHOUR , D3 
8,V1/16,V2/24,V3 
7 t v 2 + ~ 5 5  
OPD OtW FUNCTION . @HOUR, D3 
8,V1/16 ,V6/24,V7 
1\ t v 6  + X58 
(3) Upper end o f  facil i ty number variable range 
Sheriff SHIGH FUNCTION VjlHOUR, D3 
8,X54/16,V4/24,V5 
&4 + X56 
OHIGH FUNCTION V~HOUR, D3 
8,X57/16,V8/24,Y9 
f tY8 + X59 
(4.) The t o t a l  number o f  operators f o r  a 24 hour s h i f t  
S h e r i f f  STOT VARIABLE X54 + X55 + X56 
WD - OTOT VARIABLE X57 + X58 + X59 
The operator var iab le  ranges computed by the above FUNCTION and 
VARIABLE statements are used by the program as independent variables i n  
other algorithms to assign f a c i l i t y  numbers f o r  both configurat ions 
of the model. 
Confi gura t i  on I 
The possible data ent r ies  t o  the conf igurat ion I simulat ion 
model are as fol laws : 
(1) Call d i s t r i  buti'on data - these are the GPSS functions 
PCENT, REFER, WHERE, and DIST and are defined i n  
Section I11 
(2) Telephone 1 i n e  data 
SLINE VARIABLE 
OPLIN VARIABLE 
k ( #  trunk l i nes  t o  Sher i f f ' s  -
911 center) 
k (#  of transfer l i nes  from -
Sher i f f ' s  911 C t r .  t o  OPD) 
(3) Population data 
ATOTP VARIABLE . k -4 k (Adjusted t o t a l  county 
papal a ti on def i ned i n 
Section 111) 
(4) S h i f t  manning data - GPSS ' ' IN IT IAL '  Function as defined 
e a r l i e r .  
As was mentioned e a r l i e r  the f a c i l i t y  number assignments are 
made automatical ly and are defined as a funct ion o f  the operator 
- var iab le  ranges and telephone s i z i n g  parameters. The range of the 
f a c i l i t y  number assignment i s  shown i n  Table 26 . 
TABLE 26 
SYMBOLIC N M E  TO PROGRAM FACILITY # E N T I T Y  CROSS REFERENCE 
Program Acronym 
& Range 
1 - S L I N E  
F a c i l i t y  # D e f i n i t i o n  
LOW1 4 HIGH1 
A1 gebrai c Re1 at ion.  
Trunk l i n e s  t o  S h e r i f f ' s  
911 Center 
OLNl -$ OLN2 
LOW2 -) HIGH2 
To u t i l i z e  the Graphical Output Module t o  obta in  s t a t i s t i c s  f o r  
SLINE = k 
S h e r i f f ' s  Dept. Operator 
Number by S h i f t  
OFLIN 
OFOP 
the models ' F a c i l i t i e s ' ,  the GPSS 'GRAPH' statements f o r  these 
LOW1 = VBSLINE + 
FNgSLOW 
HIGH1 = VSSLIWE + 
MSSH I GH 
Transfer Lines t o  
Or1 ando Pol i c e  Dept . 
Or1 ando Poli ce Dept . 
Cornplai n t  Operator's 
By S h i f t  
f a c i l i t i e s  w i  11 have t o  be modified when telephone l i n e  o r  operator ' 
s taf f ing s i z i n g  i s  changed. These statements are i d e n t i f i e d  w i t h  a 
' V '  i n  column 40 o f  the Graphical Qutput Modules. The range o f  the 
OLNl = VBSLINE + 
VSSTOT + 1 
OLN2 = VSOLNl + 
V$OPLIN -1 
LOW2 = Vj30LN2 + 
F~OLOW 
H I G H 2  = VSOLN2 + 
M$OHIGH - 
I I 
Orlando F i r e  Dept. 
Transfer Li ne 
Orlando F i re  Dept. Operator 
f a c i l i t y  numbers t o  be p l o t t e d  w i l l  have t o  correspond to  the numbers 
calculated using the algebraic re la t ionships defined i n  Table 27. 
-- 
O F L I N  = VSOLN2 + 
VSOTOT +I 
OFOP = O F L I N  +1 
Configuration I 1  
The possib le data en t r ies  t o  the Configuration I 1  s imulat ion 
model are  as fo l lows:  
(1) Cal l  d i s t r i b u t i o n  - these are the GPSS funct ions PCENT, 
REFER, DIST, CGOTO, AND OGOTO and are def ined i n  Sect ion 111. 
(2) Population data 
ATOTP VARIABLE k -+ k (Adjusted t o t a l  county 
populat ion def ined i n  
sect ion 111) 
MACLP VARIABLE k 9-4 k (Adjusted Main & Colonial  
t e l  ephone cent ra l  o f f  i ce 
popul at ions d e f i  ned i n 
Section 111) 
(3) Telephone Line Data 
SLINE VARIABLE - k (#trunk l i n e s  t o  S h e r i f f ' s  911 C t r . )  
OPLIN VARIABLE - k (#trunk l i n e s  t o  OPD 911 Ctr.) 
S FXLN VARIABLE k (# t rans fe r  l i n e s  from OPD t o  -
S h e r i f f ' s  Dept.) 
ORXLN VARIABLE - k (# t rans fe r  l i n e s  from S h e r i f f ' s  
Dept. t o  OPD) 
(4) S h i f t  manning data - GPSS ' INITIAL' func t ion  as defined e a r l i e r  
The GPSS f a c i  1 i t y  number assignments are made automati cal l y  as i n  
Configuration 1. *The range o f  the f a c i l i t y  numbers are shown i n  
Tab1 e 
U t i l  i zat ion o f  the Graphical Output Module f o r  Confi gurat ion I1 
has the same r e s t r i c t i o n s  as Configurat ion I except t h a t  the f a c i  li ty 
n u m b e r s f o r p l o t t i n g a r e d e f i n e d i n T a b l e  . 
TABLE 27 
SYMBOLIC NAME TO PROGRAM FACILITY # ENTITY CROSS REFERENCE 
Program Acronym 
& Range Faci 1 i ty # Def i  n i  t i o n  A1 gebrai c Relat ion. 
1 -+ SLINE Trunk l i n e s  t o  S h e r i f f ' s .  SFLIN = K 
LOW1 - HIGH1 S h e r i f f ' s  Dept . Operator LW1 = SLINE + 
Number (Funct ion o f  S h i f t )  FNgS LOW 
OLM? - OLM2 Transfer L i  nes t o  the  OLNl = SLlNE + 
Orlando Pol i ce Dept . STOT + 1 
OTRKl - OTRK2 ..-a Trunk L i  nes t o  Orlando OTRKl = OLW2 + 1 
Po l ice  Dept. 911 Center OTRK2 = OTRKl + 
LW2 - HIGH2 Orlando 91 1 C t r .  Operator LOW2 = OLN2 + ORLIN 
Numbers (Funct ion o f  s h i f t )  +FN$OH I GH 
SLNI - SLN2 Transfer 11 nes from OPD t o  .SLNl = OLN2 + OTOT 
Sher i f f 's  911 Center +ORLIM + I 
OFL IN Orlando F i r e  Dept. l i n e  OFLIN = SLN2 + 1 
- -  - - - - --- - - - - -- - -- - -- 
OFOP Orlando F i r e  Dept. operator  OFOP = OFLIN + 1 
Model I n i t i a l i z a t i o n  and Timing 
The computer s imulat ions i n  t h i s  p r o j e c t  were run f o r  a simulated 
time o f  one hour i n  the no-p r in t  mode t o  a t t a i n  i n i t i a l  condi t ions.  
When the s imulat ions were s t a r t e d  i n  the f i n a l  s t a t i s t i c s  c o l l e c t i n g  
mode there were t ransact ions ( c a l l s )  i n  the system a t  the  beginning o f  
the rmn. Since the 911 model s t a r t s  a t  2300 hours, the  model . w i  11 be 
i n i t i a l i z e d  by running the model f o r  one hour using the c a l l  a r r i v a l  
d i s t r i b u t i o n  o f  hour 2300-0000. A f t e r  the one hour i n 1  t i a l i za t ion  
period, the s t a t i s t i c s  were cleared and the f i n a l  s imula t ion run o f  
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seven days was started by the GPSS 'START 7 '  statement. 
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